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The present disclosure relates to the dyeing of keratin mate 
rials using thiol/disulfide styryl tetrahydroquinolinium fluo 
rescent dyes. 
Disclosed herein is a dye composition comprising a thiol/ 
disulfide styryl tetrahydroquinolinium fluorescent dye and a 
dyeing process with, for instance, a lightening effect on kera 
tin materials such as hair, using said composition. Disclosed 
herein are thiol fluorescent dyes and the uses thereof in light 
ening keratin materials. 
This composition can be used to obtain a lightening effect 
which can be resistant and visible on dark keratin fibers. 
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STYRYL TETRAHYDROQUINOLINIUM 
THOLADSULFIDE DYE COMPOUND AND 
METHOD FOR LIGHTENING KERATIN 

MATERALS USING THE SAME 

0001. This application claims benefit of U.S. Provisional 
Application No. 60/960,678, filed Oct. 10, 2007, the contents 
of which are incorporated herein by reference. This applica 
tion also claims benefit of priority under 35 U.S.C. S 119 to 
French Patent Application No. FR 0757753, filed Sep. 21, 
2007, the contents of which are also incorporated herein by 
reference. 
0002 The present disclosure relates to the dyeing of kera 

tin materials using Styryl tetrahydroquinolinium thiol/disul 
fide fluorescent dyes. 
0003. It is well known to dye keratin fibers, for example 
human keratin fibers, by direct dyeing. The process conven 
tionally used in direct dyeing comprises applying to the kera 
tin fibers direct dyes which are colored or coloring molecules 
having an affinity for the fibers, allowing them to diffuse and 
then rinsing the fibers. 
0004. The direct dyes which are conventionally used are, 
for example, dyes of the nitrobenzene type, anthraquinone 
dyes, nitropyridine dyes, or dyes of the azo, Xanthene, acri 
dine, azine, or triarly methane type. 
0005. The coloring of keratin fibers using these conven 
tional direct dyes does not make it possible to significantly 
lighten keratin fibers. 
0006. The lightening of the color of dark keratin fibers to 
lighter shades, by optionally modifying the shade thereof, 
constitutes an important demand. 
0007 Conventionally, in order to obtain a lighter coloring, 
a chemical bleaching process is used. This process comprises 
treating the keratin fibers. Such as the hair, with a strong 
oxidizing system, generally composed of hydrogen peroxide, 
possibly in combination with persalts, generally in analkaline 
medium. 
0008. This bleaching system has the drawback of damag 
ing the keratin fibers and of detrimentally affecting their 
cosmetic properties. The fibers in fact have a tendency to 
become rough, more difficult to disentangle and more brittle. 
Finally, the lightening or the bleaching of keratin fibers with 
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oxidizing agents is incompatible with the treatments for 
modifying the shape of said fibers. Such as with hair straight 
ening treatments. 
0009. Another lightening technique comprises applying 
fluorescent direct dyes to dark hair. This technique, described 
in documents such as International Patent Application Publi 
cation Nos. WO 03/028685 and WO 2004/091473, makes it 
possible to retain the quality of the keratin fiber during the 
treatment. However, these fluorescent direct dyes do not 
exhibit satisfactory fastness with respect to outside agents. 
0010. In order to increase the fastness of direct colorings, 

it is known to use disulfide dyes, for instance, imidazolium 
chromophore dyes described in, for example, International 
Patent Application Publication No. WO 2005/097051 or 
European Patent Application Publication No. EP 1647580, or 
pyridinium/indolinium styryl chromophore dyes described 
in, for example, International Patent Application Publication 
NoS. WO 2006/134043 and WO 2006/1366.17. 

0011. The aim of the present disclosure is to provide new 
systems for dyeing keratin materials, such as human keratin 
fibers or the hair, which do not have the drawbacks of the 
existing bleaching processes. 
0012 For example, one aim of the present disclosure is to 
provide direct dyeing systems for obtaining lightening 
effects, for instance, on naturally or artificially dark keratin 
fibers, which are resistant to Successive shampooing opera 
tions, which do not damage the keratin fibers and which do 
not detrimentally affect their cosmetic properties. 
0013 Yet another aspect of the present disclosure is to dye 
keratin materials chromatically and in a manner which is 
persistent with respect to outside attacks. The present disclo 
Sure also provides compounds which dye keratin fibers such 
as the hair with a low dyeing selectivity between the root and 
the end, whether on natural fibers or permanent-waved fibers. 
0014. These aims can be achieved with the present disclo 
Sure, a subject of which is a process for dyeing keratin mate 
rials, for instance, keratin fibers or human keratin fibers such 
as the hair or further, for example, dark hair, comprising 
applying, to the keratin materials, a dye composition com 
prising, in a cosmetically acceptable medium, at least one 
disulfide or thiol fluorescent dye, chosen from the dyes of 
formulae (I) and (II) below: 

(I) 
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-continued 

the organic or mineral acid salts thereof, optical isomers and 
geometric isomers thereof, or the solvates thereof, such as 
hydrates: 
wherein: 

is chosen from an aryl, a heterocyclic, and a heteroaryl group 
fused to the phenyl ring, for instance, a benzo or indeno ring: 
or is absent from the phenyl ring: 

0015 Gand G', which may be identical or different, are 
chosen from an NRR group and a (C-C)alkoxy 
group, which is optionally substituted or unsubstituted, 
or G or G' is absent; 

0016 R and R, which may be identical or different, 
are chosen from a hydrogen atom, an optionally substi 
tuted (C-C)alkyl group, an aryl (C-C)alkyl group, 
and a (C-C)alkoxy(C-C)alkyl group; 

(0017 R and Rare chosen from, for instance, a hydro 
gen atom, a (C-C)alkyl group, and a (C-C)alkyl 
group substituted with i) a hydroxyl group, ii) an amino 
group. iii) a (di)(C-C)alkylamino group, or iv) a qua 
ternary ammonium group (R") (R") (R")N' , wherein 
R", R", R", and R", which may be identical or different, 
are chosen from a hydrogen atom and a (C-C)alkyl 
group; 

0.018 or the two R and R radicals borne by the same 
nitrogenatom togetherform a heterocyclic or heteroaryl 
group; for example, the heterocycle is monocyclic and 
comprises between 5 and 7 members or the heteroaryl is 
bicyclic and comprises from 7 to 11 members; in another 
example, the groups are chosen from piperidinyl, imi 
dazolyl pyrrolidinyl, and indolyl; the heterocycle may 
be optionally substituted with at least one hydroxyl 
group; 

(0019 R. R. R". R". R, and R", which may be 
identical or different, are chosen from a hydrogen atom, 
a halogen atom, an amino, a (di)(C-C)alkylamino, a 
cyano, a carboxyl, a hydroxyl, a trifluoromethyl, an acy 
lamino, a C-C alkoxy, a C-C (poly)hydroxyalkoxy, a 
(C-C)alkylcarbonyloxy (C-C)alkoxycarbonyl, a 
(C-C)alkylcarbonylamino, an acylamino, a carbamoyl 
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(II) 

group, a (C-C)alkylsulfonylamino group, an amino 
sulfonyl radical, and a (C-C)alkyl radical optionally 
substituted with a group chosen from (C-C)alkoxy, 
hydroxyl, cyano, carboxyl, amino, (di)(C-C)alky 
lamino, and (di)(C-C)alkylamino wherein the two 
alkyl radicals borne by the nitrogen atom of the amino 
group form a heterocycle comprising from 5 to 7 mem 
bers and optionally comprising another heteroatom 
identical to or different from that of the nitrogenatom; in 
one example, R. R. R". R", R, and R", are hydro 
gen atoms: 

(0020 or two groups R., and R. R" and R", borne by 
two adjacent carbon atoms, together form a benzo or 
indeno ring, or a fused heterocycloalkyl or fused het 
eroaryl group; the benzo, indeno, heterocycloalkyl, or 
heteroaryl ring being optionally substituted with at least 
one radical chosen from a halogen atom, a (C-C)alkyl, 
an amino, a (C-C)alkylamino, a (C-C)dialkylamino, 
a cyano, a carboxyl, a hydroxyl, a trifluoromethyl group. 
an acylamino, a C-C alkoxy, a C-C (poly)hydroxy 
alkoxy, an alkylcarbonyloxy, analkoxycarbonyl radical, 
an alkylcarbonylamino radical, an acylamino, a carbam 
oyl radical, an alkylsulfonylamino radical, an aminosul 
fonyl radical, and a (C-C) alkyl radical optionally 
substituted with a group chosen from (C-C)alkoxy, 
hydroxyl, cyano, carboxyl, amino, (C-C)alkylamino, 
(C-C) dialkylamino, and (C-C) dialkylamino 
wherein the two alkyl radicals borne by the nitrogen 
atom of the amino group form a heterocycle comprising 
from 5 to 7 members and optionally comprising another 
heteroatom identical to or different from that of the 
nitrogen atom; for example, R., and R. R" and R". 
together form a benzo group: 

0021 or when G and/or G' are NRR, two groups R. 
and R. R., and R. and/or R, and R", R., and R". 
together form a saturated heteroaryl or heterocycle, 
optionally substituted with at least one (C-C)alkyl 
group; for instance, the heterocycle or the heteroaryl 
comprises one or two heteroatoms chosen from nitrogen 
and oxygen and the heterocycle comprises between 5 
and 7 members and the heteroaryl comprises between 7 
and 11 members; for example, the heterocycle is chosen 
from morpholinyl, piperazinyl, piperidinyl, homopip 
eridinyl, and pyrrolidinyl groups, and the heteroaryl is 
an indolyl; 

0022 R', and R", which may be identical or different, 
are chosen from a hydrogen atom and a (C-C)alkyl 
group; in one example, R', and R", are hydrogen atoms: 
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(0023 R', with R, and R", with R", form, together with 
the carbonatoms which bear them, an optionally Substi 
tuted Cs-C7 cycloalkyl group fused to the pyridinium 
group, such as a cyclohexyl group; it being understood 
that the R", or R", radical and the styryl group bearing 
the R, or R", radical are positioned on adjacent carbon 
atoms of the pyridinium groups; for example, they are 
positioned respectively on carbon atoms 3 and 4 of the 
pyridinium groups; 

0024 R. R. R. R. R. R. R', and R', which may 
be identical or different, are chosen from: 
0025 a hydrogen atom, 
0026 a (C-C)alkyl group, 
0027 a (C-C)alkoxy, 
(0028 a hydroxyl, 
(0029 a cyano, 
0030 a-C(O)OM", wherein M" is an alkali metal 
or M" and An are absent, 

0031) a carboxyl, 
0032 a (di)(C-C)(alkyl)amino, said alkyl radicals 
optionally form, with the nitrogen atom which bears 
them, a heterocycle comprising from 5 to 7 members, 
optionally comprising another heteroatom which may 
or may not be different from nitrogen; 

0033 for instance, R. R. R. R. R. R. R', and R' 
are hydrogenatoms or a C(O)OM group; in another 
embodiment, R. R. R. R. R. R. R's, and R are 
hydrogen atoms; 

0034) TandT, which may be identical or different, are 
chosen from: 

0035) i) a o covalent bond; 
0036) ii) at least one radical or combination thereof, 
chosen from —SO. , —O— —S , —N(R)— —N' 
(R)(R)—, and —C(O)—, wherein R and R, which 
may be identical or different, are chosen from a hydro 
gen atom, a C-C alkyl radical, a C-C hydroxyalkyl 
radical, and an aryl(C-C)alkyl, in one embodiment, T, 
is identical to T, and they are a O covalent bond or a 
group chosen from —N(R)— —C(O)— —C(O)—N 
(R)— —N(R)—C(O)— —C(O) N(R)—C(O)—, 
O—C(O)— —C(O)—O—, and - N'(R)(R)—, 

wherein R and R, which may be identical or different, 
are chosen from a hydrogen atom and a C-C alkyl 
group; in yet another embodiment, T, and T, are chosen 
from —C(O)—N(R)—and —N(R)—C(O)—; and 

0037 (iii) a monocyclic, cationic or noncationic, het 
erocycloalkyl or heteroaryl radical, for example, com 
prising two heteroatoms such as two nitrogenatoms, and 
comprising from 5 to 7 members, such as imidazolium, 
pyridinium, or pyrrolidinium optionally substituted with 
a (C-C) alkyl group, such as methyl; 

0038 m, m', n, and n', which may be identical or differ 
ent, are chosen from integers ranging from 0 to 6. 
wherein m+n and m'+n', which may be identical or dif 
ferent, are chosen from integers ranging from 1 to 10; for 
example, the Summ+n is equal to m'+n' and is an integer 
ranging from 2 to 4. Such as, m--n m'+n'=2; 

0039. An is an anionic counterion; and 
0040 Y is chosen from: 
0041 i) a hydrogen atom; 
0042 ii) an alkali metal; 
0043 iii) an alkaline earth metal; 
0044) iv) an ammonium group: NR'RPRYR and a 
phosphonium group: PRRPRR wherein R, RP, R, 
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and R, which may be identical or different, are chosen 
from a hydrogen atom and a (C-C)alkyl group; and 

0045 
0046 wherein, when the compound of formula (I) or 

(II) comprises other cationic parts, it is associated with 
one or more anionic counterions allowing formula (I) or 
(II) to achieve electroneutrality. 

0047 Another aspect of the present disclosure is a dye 
composition comprising, in a cosmetically acceptable 
medium, at least one disulfide fluorescent dye of formula (I) 
or one thiol fluorescent dye of formula (II) as disclosed 
herein, and optionally a reducing agent. 
0048. Another aspect of the present disclosure is at least 
one disulfide fluorescent dye of formula (I) and at least one 
thiol fluorescent dye of formula (II). 
0049. The dyeing process according to the present disclo 
sure may be used to visibly color dark keratin materials, for 
instance, dark human keratin fibers such as dark hair. 
0050. Furthermore, the process of the present disclosure 
may be used to obtain a coloring of keratin materials, for 
example, human keratin fibers such as the hair, without dam 
aging said material, which is persistent with respect to sham 
pooing operations, common attacks (for example, Sunlight 
and perspiration) and other hair treatments. The process of the 
present disclosure also may be used to obtain lightening of 
keratin materials such as keratin fibers, for instance, dark 
keratin fibers such as dark hair. 

0051. The dyes of the present disclosure are, moreover, 
stable with respect to oxidants, and have a satisfactory solu 
bility in cosmetic dyeing media. These dyes extend the color 
range to yellows and oranges. After application to keratin 
fibers, the dyes of formula (I) or (II) dye the keratin materials 
chromatically and in a manner which is persistent with 
respect to outside attacks, and with low dyeing selectivity 
between the root and the end, and on various types of fibers. 
0052. As used herein, “dark keratin material” means kera 
tin material that exhibits a lightness L* measured in the C.I.E. 
L*a*b* system of less than or equal to 45, for example, less 
than or equal to 40, given that, moreover, L*=0 is equivalent 
to black and L*=100 is equivalent to white. 
0053 As used herein, “naturally or artificially dark hair 
means hair whose tone height is less than or equal to 6 (dark 
blond), for instance, less than or equal to 4 (chestnut-brown). 
0054 The lightening of the hair is evaluated by the varia 
tion in “tone height before and after application of the com 
pound of formula (I) or (II). It is understood that the notion of 
“tone' is based on the classification of the natural shades, one 
tone separating each shade from the shade immediately fol 
lowing or preceding it. This definition and the classification of 
the natural shades are well known to hair styling professionals 
and are published in the book “Science des traitements capil 
laires' Hair Treatment Sciences, by Charles Zviak 1988, 
published by Masson, pp. 215 and 278. 
0055. The tone heights range from 1 (black) to 10 (very 
light blond), one unit corresponding to one tone; the higher 
the figure, the lighter the shade. 
0056. An artificially colored hair is a hair whose color has 
been modified by a dyeing treatment, for example dyeing 
with direct dyes or oxidation dyes. 
0057. As used herein, "bleached hair means hair whose 
tone height is greater than 4 (chestnut-brown), for example, 
greater than 6 (dark blond). 

V) a thiol-function-protecting group; 
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0058. One means for measuring the lightening effect given 
to the hair after application of the fluorescent dyes of the 
present disclosure is to use the phenomenon of hair reflec 
tance. 

0059. The composition disclosed herein should, after 
application to dark hair, lead to at least one of the results 
below: 

0060 Interest is focused on the hair reflectance perfor 
mance levels when said hair is irradiated with visible 
light in the wavelength range from 400 to 700 nanom 
eters. 

0061. The curves of reflectance as a function of wave 
length, of the hair treated with the composition of the 
present disclosure and of untreated hair, are then com 
pared. 

0062. The curve corresponding to the treated hair 
should show a reflectance in the wavelength range of 
from 500 to 700 nanometers which is higher than the 
curve corresponding to the untreated hair. 

0063. This means that, in the wavelength range of from 
540 to 700 nanometers, there is at least one range where 
the reflectance curve corresponding to the treated hair is 
higher than the reflectance curve corresponding to the 
untreated hair. As used herein, “higher means a differ 
ence of at least 0.05% in reflectance, for example, at least 
0.1%. All the same, there may be, in the wavelength 
range of from 540 to 700 nanometers, at least one range 
where the reflectance curve corresponding to the treated 
hair is superimposable on or lower than the reflectance 
curve corresponding to the untreated hair. 

0064. For example, the wavelength where the difference is 
at a maximum between the reflectance curve of the treated 
hair and that of the untreated hair is within the wavelength 
range of from 500 to 650 nanometers, for instance, within the 
wavelength range of from 550 to 620 nanometers. 
0065 For the purpose of the present disclosure, and unless 
otherwise indicated, the “aryl' or "heteroaryl radicals, or the 
aryl or heteroaryl part of a radical, may be substituted with at 
least one substituent borne by a carbon atom, chosen from: 

0066 a C-C such as C-Cs, an alkyl radical option 
ally substituted with at least one radical chosen from the 
radicals: hydroxyl, C-C alkoxy, C-C (poly)hydroxy 
alkoxy, acylamino, and amino Substituted with two 
C-C alkyl radicals, which may be identical or differ 
ent, optionally bearing at least one hydroxyl group, or 
the two radicals optionally forming, with the nitrogen 
atom to which they are attached, a heterocycle compris 
ing from 5 to 7 members, such as 5 or 6 members, which 
is Saturated or unsaturated, which is optionally Substi 
tuted, and which optionally comprises another heteroa 
tom which may be identical or different from the nitro 
gen, 

0067 a halogen atom such as chlorine, fluorine, or bro 
m1ne; 

0068 a hydroxyl group; 
0069 a C-C alkoxy radical; 
(0070 C-C alkylthio radical; 
(0071 a C-C (poly)hydroxyalkoxy radical; 
0072 an amino radical; 
0073 a 5- or 6-membered heterocycloalkyl radical; 
0074 an optionally cationic 5- or 6-membered het 
eroaryl radical. Such as imidazolium, optionally Substi 
tuted with a C-C alkyl radical. Such as methyl; 
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0075 an amino radical substituted with one or two 
C-C alkyl radicals, which may be identical or differ 
ent, optionally bearing at least: 

0.076 i) one hydroxyl group, and/or 
0.077 ii) one amino group optionally substituted with 
one or two optionally substituted C-C alkyl radicals, 
said alkyl radicals optionally forming, with the nitrogen 
atom to which they are attached, a heterocycle compris 
ing from 5 to 7 members, which is saturated or unsatur 
ated, which is optionally substituted, and which option 
ally comprises at least one other heteroatom which may 
or may not be different from nitrogen, 

0078 - NR COR' wherein the R radical is chosen 
from a hydrogenatom and a C-C alkyl radical option 
ally bearing at least one hydroxyl group, and the R' 
radical is chosen from a C-C alkyl radical; 

0079 (R)N CO - wherein the R radicals, which 
may or may not be identical, are chosen from a hydrogen 
atomanda C-C alkyl radical optionally bearing at least 
one hydroxyl group; 

0080 RSO. NR— wherein the R radical is chosen 
from a hydrogenatom and a C-C alkyl radical option 
ally bearing at least one hydroxyl group, and the R' 
radical is chosen from a C-C alkyl radical and a phenyl 
radical; 

0081 (R)N SO wherein the R radicals, which 
may or may not be identical, are chosen from a hydrogen 
atomanda C-C alkyl radical optionally bearing at least 
one hydroxyl group; 

0082 a carboxylic radical in acid or salified form, for 
instance, with an alkali metal oran ammonium, which is 
Substituted or unsubstituted; 

0.083 a cyano group; and 
0084 a polyhaloalkyl group comprising from 1 to 6 
carbonatoms and from 1 to 6 halogenatoms, which may 
be identical or different; the polyhaloalkyl group can be, 
for example, trifluoromethyl. 

I0085 For the purpose of the present disclosure, and unless 
otherwise indicated, the cyclic or heterocyclic part of a non 
aromatic radical may be substituted with at least one substitu 
ent, chosen from the groups: 

I0086) hydroxyl: 
0087 C-C alkoxy: 
I0088 C-C alkyl: 
0089 C-C (poly)hydroxyalkoxy; 
0090) a C-C, alkylthio radical; 
0091 RCO NR' wherein the R' radical is chosen 
from a hydrogen atom and a C-C alkyl radical option 
ally bearing at least one hydroxyl group, and the R 
radical is chosen from a C-C alkyl radical and an 
amino radical substituted with two C-C alkyl groups, 
which may be identical or different, optionally bearing 
at least one hydroxyl group; 

0092 RCO-O wherein the R radical is chosen from 
a C-C alkyl radical and an amino radical Substituted 
with one or two C-C alkyl groups, which may be iden 
tical or different, optionally bearing at least one 
hydroxyl group, said alkyl radicals possibly forming, 
with the nitrogen atom to which they are attached, a 
heterocycle comprising from 5 to 7 members, which is 
Saturated or unsaturated, which is optionally Substituted, 
and which optionally comprises at least one other het 
eroatom which may or may not be different from nitro 
gen; and 



US 2009/O 126125 A1 

0093 RO–CO wherein the R radical is chosen from 
a C-C alkyl radical optionally bearing at least one 
hydroxyl group. 

0094 For the purpose of the present disclosure, and unless 
otherwise indicated, a cyclic or heterocyclic radical or a non 
aromatic part of an aryl or heteroaryl radical optionally Sub 
stituted with at least one oxo or thioxo groups. 
0095 For the purpose of the present disclosure, and unless 
otherwise indicated, an “aryl radical comprises a condensed 
or noncondensed, monocyclic or polycyclic group compris 
ing from 6 to 22 carbon atoms, and at least one ring of which 
is aromatic; for instance, the aryl radical is a phenyl, biphenyl, 
naphthyl, indenyl, anthracenyl, or tetrahydronaphthyl. 
0096. For the purpose of the present disclosure, and unless 
otherwise indicated, a “diarylalkyl radical comprises a 
group comprising, on the same carbonatom of an alkyl group, 
two aryl groups, which may be identical or different, such as 
diphenylmethyl or 1,1-diphenylethyl. 
0097. For the purpose of the present disclosure, and unless 
otherwise indicated, a "heteroaryl radical comprises an 
optionally cationic, condensed or noncondensed, monocyclic 
or polycyclic group comprising from 5 to 22 members and 
from 1 to 6 heteroatoms chosen from a nitrogen, oxygen, 
Sulfur, and selenium atom, and at least one ring of which is 
aromatic; by way of non-limiting example, a heteroaryl radi 
cal is chosen from acridinyl, benzimidazolyl, benzobistriaz 
olyl, benzopyrazolyl, benzopyridazinyl, benzoquinolylben 
Zothiazolyl, benzotriazolyl, benzoxazolyl pyridinyl, 
tetrazolyl, dihydrothiazolyl, imidazopyridinyl, imidazolyl, 
indolyl, isoquinolyl, naphthoimidazolyl, naphthooxazolyl, 
naphthopyrazolyl, oxadiazolyl, oxazolyl, oxazolopyridyl, 
phenazinyl, phenooxazolyl pyrazinyl, pyrazolyl pyrilyl, 
pyrazoyltriaZyl, pyridyl, pyridinoimidazolyl pyrrolyl, 
quinolyl, tetrazolyl, thiadiazolyl, thiazolyl, thiazolopyridi 
nyl, thiazoylimidazolyl, thiopyrylyl, triazolyl, Xanthylyl and 
its ammonium salt. 

0098. For the purpose of the present disclosure, and unless 
otherwise indicated, a “diheteroarylalkyl radical comprises 
a group comprising, on the same carbon atom of an alkyl 
group, two heteroaryl groups, which may be identical or 
different, such as difurylmethyl, 1,1-difurylethyl, dipyrrolyl 
methyl, or dithienylmethyl. 
0099 For the purpose of the present disclosure, and unless 
otherwise indicated, a “cyclic radical comprises a condensed 
or noncondensed, monocyclic or polycyclic, nonaromatic 
cycloalkyl radical comprising from 5 to 22 carbon atoms, 
optionally comprising one or more unsaturations; for 
example, the cyclic radical is a cyclohexyl. 
0100 For the purpose of the present disclosure, and unless 
otherwise indicated, a “sterically hindered cyclic” radical 
comprises a Substituted or unsubstituted, aromatic or nonaro 
matic, cyclic radical hindered by steric effect or constraint, 
comprising from 6 to 14 members, which may be bridged; by 
way of Sterically hindered radicals, non-limiting mention 
may be made of bicyclo 1.1.0butane, mesityls such as 1.3, 
5-trimethylphenyl, 1,3,5-tri-tert-butylphenyl, 1.3.5-isobu 
tylphenyl, 1,3,5-trimethylsilylphenyl, and adamantyl. 
0101 For the purpose of the present disclosure, and unless 
otherwise indicated, a "heterocyclic radical or heterocycle' 
comprises a condensed or noncondensed, monocyclic or 
polycyclic, nonaromatic radical comprising from 5 to 22 
members, comprising from 1 to 6 heteroatoms chosen from 
nitrogen, oxygen, Sulfur, and selenium. 
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0102 For the purpose of the present disclosure, and unless 
otherwise indicated, an “alkyl radical comprises a linear or 
branched, C-C. Such as C-Cs, hydrocarbon-based radical. 
0103 For the purpose of the present disclosure, and unless 
otherwise indicated, “optionally substituted assigned to the 
alkyl radical means that said alkyl radical may be substituted 
with at least one radical chosen from the radicals: i) hydroxyl: 
ii) C-C alkoxy; iii) acylamino; iv) amino optionally Substi 
tuted with one or two C-C alkyl radicals, which may be 
identical or different, said alkyl radicals possibly forming, 
with the nitrogenatom which bears them, a heterocycle com 
prising from 5 to 7 members, optionally comprising another 
heteroatom which may or may not be different from nitrogen; 
V) or a quaternary ammonium group - N'R"R"R", M for 
which R', R", R", which may be identical or different, are 
chosen from a hydrogen atom and a C-C alkyl group, or 
—NR'R'"R" forms a heteroaryl such as imidazolium option 
ally substituted with a C-C alkyl group, and M is chosen 
from the counterion of the corresponding organic acid, min 
eral acid, and halide. 
0104 For the purpose of the present disclosure and unless 
otherwise indicated, an “alkoxy radical comprises an alky 
loxy or alkyl-O-radical for which the alkyl radical is a linear 
or branched, C-C hydrocarbon-based radical, for instance, 
a C-Cs hydrocarbon-based radical. 
0105 For the purpose of the present disclosure, and unless 
otherwise indicated, an “alkylthio radical comprises an 
alkyl-S radical for which the alkyl radical is a linear or 
branched, C-C hydrocarbon-based radical, such as a C-Cs 
hydrocarbon-based radical. When the alkylthio group is 
optionally Substituted, this means that the alkyl group is 
optionally substituted as defined above. 
0106 For the purpose of the present disclosure, and unless 
otherwise indicated, an “organic or mineral acid salt, for 
instance, is chosen from a salt derived: i) from hydrochloric 
acid HCl; ii) from hydrobromic acid HBr; iii) from sulfuric 
acid HSO; iv) from alkylsulfonic acids: Alk-S(O)OH such 
as methylsulfonic acid and ethylsulfonic acid; v) from aryl 
sulfonic acids: Ar—S(O)OH such as from benzenesulfonic 
acid and from toluenesulfonic acid; vi) from citric acid; vii) 
from Succinic acid; viii) from tartaric acid; ix) from lactic 
acid; x) from alkoxysulfinic acids: Alk-O-S(O)OH such as 
from methoxysulfinic acid and from ethoxysulfinic acid; Xi) 
from aryloxysulfinic acids Such as from tolueneoxysulfinic 
acid and from phenoxysulfinic acid; xii) from phosphoric 
acid HPO, xiii) from acetic acid CHCOOH; xiv) from 
triflic acid CFSOH; and XV) from tetrafluoroboric acid 
HBF 
0107 For the purpose of the present disclosure, and unless 
otherwise indicated, an "anionic counterion' is an anion oran 
anionic group associated with the cationic charge of the dye; 
as non-limiting examples, the anionic counterion is chosen 
from: i) halides such as chloride or bromide; ii) nitrates; iii) 
Sulfonates, among which are C-C alkyl Sulfonates: Alk-S 
(O)2O such as methyl sulfonate or mesylate and ethyl sul 
fonate; iv) aryl sulfonates: Ar—S(O)O such as benzene 
Sulfonate and toluenesulfonate or tosylate; V) citrate; vi) Suc 
cinate; vii) tartrate; viii) lactate; ix) alkyl sulfates: Alk-O-S 
(O)O such as methyl sulfate and ethyl sulfate: X) arylsul 
fates: Ar—O S(O)O such as benzenesulfate and 
toluenesulfate: xi) alkoxysulfates: Alk-O S(O)O such as 
methoxy sulfate and ethoxy sulfate: xii) aryloxysulfates: 
Ar—O—S(O).O; xiii) phosphate: xiv) acetate: xv) triflate: 
and xvi)borates such as tetrafluoroborate. 
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0108 For the purpose of the present disclosure, and unless 
otherwise indicated, the “solvates' comprise the hydrates or 
the association with linear or branched C-C alcohols such as 
ethanol, isopropanol, or n-propanol. 
0109. The disulfide fluorescent dyes of formula (I) or thiol 
fluorescent dyes of formula (II) are compounds capable of 
absorbing in the UV radiation or visible range at a wavelength 
Y ranging from 250 to 800 nm and capable of re-emitting in 
the visible range at an emission wavelengthy, ranging from 
400 to 800 nm. 
0110. For example, the fluorescent compounds of formula 
(I) or (II) of the present disclosure are dyes capable of absorb 
ing in the visible range Y ranging from 400 and 800 nm and 
of re-emitting in the visible range Y ranging from 400 and 
800 nm. In another embodiment, the dyes of formula (I) or (II) 
are dyes capable of absorbing at a Y ranging from 420 and 
550 nm and of re-emitting in the visible range at a Y ranging 
from 470 and 600 nm. 
0111. The fluorescent compounds of the present disclo 
sure of formula (II) comprise an SY function which may be in 
the covalent form —S Y or ionic form —SY depending 
on the nature ofY and on the pH of the medium. 
0112. In another embodiment, the thiol fluorescent dyes of 
formula (II) comprise anSY function where Y is chosen from 
a hydrogen atom and an alkali metal. For example, Y is a 
hydrogen atom. 
0113. In another embodiment of the present disclosure, in 
the abovementioned formula (II), Y is a protecting group 
known to those skilled in the art, for instance those described 
in the books “Protective Groups in Organic Synthesis'.T. W. 
Greene, John Wiley & Sons Ed., NY, 1981, pp. 193-217: 
“Protecting Groups”. P. Kocienski. Thieme, 3rd Ed., 2005, 
Chap. 5. It being understood that Y as a protective group 
cannot constitute with the sulphur atom on which it is linked 
a disulfide dye, i.e., it cannot constitute a formula (I). Yas the 
protective group cannot be a group directly linked to the 
sulphur atom of formula (II) via another non oxidized sulphur 
atOm. 
0114. By way of non-limiting example, when Y is a thiol 
function-protecting group, Y may be chosen from the follow 
ing radicals: 

0115 (C-C)alkylcarbonyl: 
0116 (C-C)alkylthiocarbonyl: 
I0117 (C-C)alkoxycarbonyl: 
0118 (C-C)alkoxythiocarbonyl: 
0119 (C-C)alkylthiothiocarbonyl: 
I0120 (di)(C-C)(alkyl)aminocarbonyl: 
I0121 (di)(C-C)(alkyl)aminothiocarbonyl: 
0.122 arylcarbonyl such as phenylcarbonyl: 
I0123 aryloxycarbonyl: 
0.124 aryl (C-C)alkoxycarbonyl: 
I0125 (di)(C-C)(alkyl)aminocarbonyl such as dim 

ethylaminocarbonyl: 
0.126 (C-C)(alkyl)arylaminocarbonyl: 
0127 SO, M" wherein M is chosen from an alkali 
metal Such as sodium or potassium, or An of formula 
(II) is absent and M' is also absent; 

I0128 optionally substituted aryl such as phenyl, diben 
Zosuberyl, or 1,3,5-cycloheptatrienyl, 

I0129 optionally substituted heteroaryl; as non-limiting 
examples, the cationic or noncationic heteroaryl com 
prising from 1 to 4 heteroatoms below: 
0.130 i) monocyclic comprising 5, 6, or 7 members, 
Such as furanyl or furyl, pyrrolyl or pyrryl, thiophenyl 
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or thienyl, pyrazolyl, oxazolyl, oxazolium, iSox 
azolyl, isoxazolium, thiazolyl, thiazolium, isothiaz 
olyl, isothiazolium, 1,2,4-triazolyl, 1,2,4-triazolium, 
1,2,3-triazolyl, 1,2,3-triazolium, 1,2,4-oxazolyl, 1.2, 
4-oxazolium, 1,2,4-thiadiazolyl, 1,2,4-thiadiazolium, 
pyrylium, thiopyridyl, pyridinium, pyrimidinyl, pyri 
midinium, pyrazinyl, pyrazinium, pyridazinyl, 
pyridazinium, triazinyl, triazinium, tetrazinyl, tet 
razinium, azepine, azepinium, oxazepinyl, oxaze 
pinium, thiepinyl, thiepinium, imidazolyl, imidazo 
lium, 

I0131 ii) bicyclic comprising 8 to 11 members, such 
as indolyl, indolinium, benzoimidazolyl, benzoimi 
dazolium, benzoxazolyl, benzoxazolium, dihy 
drobenzoxazolinyl, benzothiazolyl, benzothiazo 
lium, pyridoimidazolyl, pyridoimidazolium, 
thienocycloheptadienyl, these monocyclic orbicyclic 
groups being optionally Substituted with at least one 
group Such as (C-C)alkyl, for instance methyl, or 
polyhalo(C-C)alkyl, for instance trifluoromethyl; 

I0132) iii) or tricyclic ABC below: 

0.133 wherein the two rings A and C optionally com 
prise a heteroatom, and the ring B comprises a 5-, 6-, or 
7-membered, such as a 6-membered ring and comprise 
at least one heteroatom, for instance piperidyl or pyra 
nyl: 

0.134 optionally cationic, optionally substituted hetero 
cycloalkyl, the heterocycloalkyl group chosen from, for 
example, a Saturated or partially saturated, 5-, 6-, or 
7-membered monocyclic group comprising from 1 to 4 
heteroatoms chosen from oxygen, Sulfur, and nitrogen, 
such as di/tetrahydrofuranyl, di/tetrahydrothiophenyl, 
di/tetrahydropyrrolyl, di/tetrahydropyranyl, di/tetra/ 
hexahydrothiopyranyl, dihydropyridyl, piperazinyl, 
piperidinyl, tetramethylpiperidinyl, morpholinyl, 
di/tetra/hexahydroazepinyl, and di/tetrahydropyrimidi 
nyl, these groups being optionally Substituted with at 
least one group chosen from, for example, (C-C) alkyl, 
oxo, and thioxo; or the heterocycle is the following 
group: 

RC 
V R'S 
N Rih 
/ 

-(CRR), 
M id 
R An 

0135 wherein R', R', R., RV. R's, and R', which may 
be identical or different, are chosen from hydrogen 
atoms and (C-C) alkyl groups; or two groups R' with 
R", and/or R' with R", forman oxo or thioxo group; or 
R" with R" together form a cycloalkyl; and V is an 
integer ranging from 1 to 3; for instance, R' to R" are 
hydrogen atoms; and An' is a counterion; 
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0.136 isothiouronium; 
10137 C(NR'R'')—NR'R''. An, wherein R, R, 
R", and R, which may be identical or different, are 
chosen from hydrogen atoms and (C-C)alkyl groups: 
for example, R to Rare hydrogen atoms; and An' is a 
counterion; 

0.138 isothiourea; 
0139 C(NR'R'')—NR'; An, wherein R, R', R, 
and An are as defined above; 

I0140 optionally substituted (di)aryl(C-C)alkyl, such 
as 9-anthracenylmethyl, phenylmethyl, or diphenylm 
ethyl optionally Substituted with at least one group cho 
Sen from (C-C) alkyl, (C-C) alkoxy such as methoxy, 
hydroxyl, alkylcarbonyl, and (di)(C-C)(alkyl)amino 
Such as dimethylamino; 

0141 optionally substituted (di)heteroaryl(C-C) 
alkyl, the heteroaryl group is, for instance, cationic or 
noncationic, and monocyclic, comprising 5 or 6 mem 
bers and from 1 to 4 heteroatoms chosen from nitrogen, 
oxygen, and Sulfur, Such as the groups pyrrolyl, furanyl, 
thiophenyl, pyridyl, pyridyl N-oxide such as 4-pyridyl 
or 2-pyridyl N-oxide, pyrylium, pyridinium, or triazinyl, 
optionally Substituted with one or more groups such as 
alkyl, for instance methyl, in one embodiment, the (di) 
heteroaryl (C-C)alkyl is (di)heteroarylmethyl or (di) 
heteroarylethyl; 

0.142 CRRR with R', R, and R, which may be 
identical or different, are chosen from a halogenatom or 
a group chosen from: 
I0143 i) (C-C)alkyl; 
0144) ii) (C-C)alkoxy: 
0145 iii) optionally substituted aryl, such as phenyl 
optionally Substituted with at least one group Such as 
(C-C)alkyl, (C-C)alkoxy, or hydroxyl; 

0146 iv) optionally substituted heteroaryl, such as 
thiophenyl, furanyl, pyrrolyl pyranyl, or pyridyl, 
optionally Substituted with a (C-C)alkyl group; and 

0147 v) P(Z')R'R'R'', wherein R'' and R', which 
may be identical or different, are chosen from 
hydroxyl, (C-C)alkoxy, and alkyl groups, R is cho 
sen from a hydroxyl and a (C-C)alkoxy group, and 
Z' is chosen from an oxygen atom and sulfur atom; 

0148 a sterically hindered cyclic; and 
0149 optionally substituted alkoxyalkyl, such as meth 
oxymethyl (MOM), ethoxyethyl (EOM), or isobu 
toxymethyl. 

0150. According to another embodiment, the protected 
thiol fluorescent dyes of formula (II) comprising a group Y is 
chosen from: i) a cationic, aromatic 5- or 6-membered mono 
cyclic heteroaryl group comprising from 1 to 4 heteroatoms 
chosen from oxygen, Sulfur, and nitrogen, non-limiting 
examples include oxazolium, isoxazolium, thiazolium, 
isothiazolium, 1,2,4-triazolium, 1,2,3-triazolium, 1,2,4-ox 
azolium, 1,2,4-thiadiazolium, pyrylium, pyridinium, pyrimi 
dinium, pyrazinyl, pyrazinium, pyridaZinium, triazinium, tet 
razinium, oxazepinium, thiepinyl, thiepinium, and 
imidazolium; ii) a cationic 8- to 11-membered bicyclic het 
eroaryl group. Such as indolinium, benzoimidazolium, ben 
ZOxazolium or benzothiazolium, these monocyclic orbicyclic 
heteroaryl groups being optionally Substituted with at least 
one group Such as alkyl, for instance methyl, or polyhalo(C- 
C.)alkyl, for instance trifluoromethyl; iii) a heterocyclic 
group below: 
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RC 
V 
N 

() N 

4 Air Rid 

wherein R'' and R", which may be identical or different, are 
chosen from a hydrogen atom and a (C-C)alkyl group; for 
instance, R' and R" are chosen from a (C-C)alkyl group 
Such as methyl; and An' is an anionic counterion. 
0151. In at least one embodiment, Y is a group chosen 
from oxazolium, isoxazolium, thiazolium, isothiazolium, 
1,2,4-triazolium, 1,2,3-triazolium, 1,2,4-oxazolium, 1,2,4- 
thiadiazolium, pyrylium, pyridinium, pyrimidinium, 
pyrazinium, pyridazinium, triazinium and imidazolium, ben 
Zoimidazolium, benzoxazolium, benzothiazolium, these 
groups being optionally Substituted with at least one (C-C) 
alkyl group, Such as methyl. 
0152. In another embodiment, Y is an alkali metal or a 
protecting group Such as: 

0.153 (C-C)alkylcarbonyl, such as methylcarbonyl or 
ethylcarbonyl: 

0154) arylcarbonyl such as phenylcarbonyl: 
0.155 (C-C)alkoxycarbonyl: 
0156 aryloxycarbonyl: 
0157 aryl(C-C)alkoxycarbonyl: 
0158 (di)(C-C)(alkyl)aminocarbonyl, such as dim 
ethylaminocarbonyl: 

0159 (C-C)(alkyl)arylaminocarbonyl: 
0.160 optionally substituted aryl, such as phenyl: 
0.161 5- or 6-membered monocyclic heteroaryl, such as 
imidazolyl or pyridyl; 

0162 5- or 6-membered cationic monocyclic het 
eroaryl. Such as pyrylium, pyridinium, pyrimidinium, 
pyrazinium, pyridazinium, triazinium, or imidazolium; 
these groups being optionally Substituted with at least 
one identical or different (C-C)alkyl group, such as 
methyl; 

0.163 8- to 11-membered cationic bicyclic heteroaryl, 
Such as benzoimidazolium or benzoxazolium; these 
groups being optionally Substituted with at least one 
identical or different (C-C)alkyl group, such as 
methyl; 

0.164 cationic heterocycle of the following formula: 

Me 
V 
N 

( D 
N 

M/ An 

(0165 isothiouronium - C(NH)—N"H: An: 
(0166 isothiourea–C(NH)—NH; 
0.167 SO, M", wherein M" comprises an alkali metal 
Such as Sodium or potassium, or when An of formula 
(II) is absent and M is also absent. 
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0.168. In at least one embodiment of the present disclosure, 
the disulfide fluorescent dyes of formula (I) have a C2 axis of 
symmetry between the two sulfur atoms of the central disul 
fide radical. 
0169. In another embodiment, the dyes of the present dis 
closure are chosen from one of the two formulae (Ia) and (IIa) 
which have a phenyl group bearing the amino group 
RRN-, for instance in the para-position, i.e., in the 1-4- 
position, with respect to the Styryl group: 

R R. 2 Rg R 

W X| f N s: 

R/ (3) / YA 1 s-s 
=/ " YCR.S. 

R s \ . Rg R 
N XSS 

R/ (3) / YA Ta SY Y 
o (CH2) YCR.6. 

wherein: 

(0170 R and Ra, which may be identical or different, 
are chosen from: 

0171 a hydrogen atom, 
(0172 a (C-C)alkyl group, 
(0173 –C(O)OM", wherein M" comprises an alkali 
metal or M" is absent and An is also absent, 

(0174 carboxyl: 
(0175 R. R', and R, which may be identical or differ 

ent, are chosen from a hydrogenatom, a halogenatom, a 
(di) (C-C)(alkyl)amino, a hydroxyl, an acylamino, a 
(C-C)alkoxy group, a (C-C)alkylcarbonylamino 
group, and a (C-C)alkyl radical; for example, R. R. 
and R, are hydrogen atoms: 

(0176) two groups R., and R', and/or R, and R together 
form a saturated heterocycle or a heteroaryl, optionally 
Substituted with at least one (C-C)alkyl group, for 
instance, a heterocycle and the heteroaryl comprising 
one or two heteroatoms chosen from nitrogen and oxy 
gen, the heterocycle comprising between 5 and 7 mem 
bers and the heteroaryl comprising between 7 and 11 
members; in another example, the heterocycle is chosen 

n 1. 
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tuted (C-C)alkyl group, and an aryl(C-C)alkyl 
group; for example, R. and R area (C-C)alkyl group 
optionally Substituted with i) a hydroxyl group, ii) an 
amino group. iii) a (di)(C-C)alkylamino group, or iv) a 
quaternary ammonium group (R")(R")(R")N' . 
wherein R', R", R" and R", which may be identical or 
different, are chosen from a hydrogen atom and a (C- 
C.)alkyl group; for instance, the alkyl group is Substi 
tuted with a hydroxyl group; 

(Ia) 
2 f 

R 3f2N. 

Ta An ? ( S.S. 
1. Rg (CRRA), M(CH2), 

(IIa) 

0.178 or the two radicals R and R borne by the same 
nitrogenatom togetherform a heterocyclic or heteroaryl 
group; for example, the heterocycle is monocyclic and 
comprises between 5 and 7 members and is optionally 
substituted with, for instance, one or two hydroxyl and/ 
or (C-C)alkyl groups, which may be identical or dif 
ferent; for example, the groups are chosen from piperi 
dino and pyrrolidino, said heterocyclic group being 
substituted, for instance, with 1 or 2 hydroxyl substitu 
ents; 

0.179 T is chosen from a O covalent bond and a group 
chosen from: —N(R)— —C(O)—N(R)—, and N(R)— 
C(O)—; for instance, —C(O)—N(R)— —N(R)—C 
(O)—, wherein R is chosen from a hydrogen atom, a 
(C-C)alkyl group, a hydroxy(C-C)alkyl group, and 
an aryl(C-C)alkyl group, or a covalent bond; 

0180 m and n, which may be identical or different, are 
chosen from integers ranging from 1 to 6, wherein the 
Summ+n is an integer ranging from 2 to 6; for example, 
m is 1 and/or n is an integer ranging from 1 to 3: 

0181 An is an anionic counterion; and 
0182 Y is as defined above: 

from morpholinyl, piperazinyl, piperidinyl, and pyrro- it being understood that, when the compounds of formula (Ia) 
lidinyl groups, and the heteroaryl is an indolyl, or (IIa) contain other cationic parts, they are associated with 

0177 R., and R, which may be identical or different, one or more anionic counterions which allow formula (Ia) or 
are chosen from a hydrogen atom, an optionally Substi- (IIa) to achieve electroneutrality. 
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0183 By way of non-limiting example, mention may be 
made of the fluorescent dyes corresponding to formulae (II): 

HO 
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-continued 

HO 

with An, which may be identical or different, is an anionic 
counterion. 
0184 The protected thiol dyes of formula (II) can be 
synthesized in two stages. The first stage may comprise in 
preparing the nonprotected thiol dye (II") according to the 
methods knownto those skilled in the art, for instance"Thiols 
and Organic sulfides', 'Thiocyanates and isothiocyanates, 
organic, Ullmann's Encyclopedia, Wiley-VCH. Weinheim, 
2005. In addition, the second step may comprise in protecting 
the thiol function according to the conventional methods 
known to those skilled in the art in order to produce the 
protected thiol dyes of formula (II'). By way of non-limiting 
example, for protecting the thiol function —SH of the thiol 
dye, use may be made of the methods in the books “Protective 

(CRR), (CR3R4), 

(I) 

31 

HO 

O 
HO 

32 

\ \ \/ s 
o 2 An 

Groups in Organic Synthesis'. T. W. Greene, John Wiley & 
Sons Ed., NY, 1981, pp. 193-217: “Protecting Groups', P. 
Kocienski. Thieme, 3rd Ed., 2005, Chap. 5. 
0185. This method can be illustrated, for example, by 
means of the method comprising i) in generating thiol fluo 
rescent dyes of formula (II") by reduction of a heterocyclic, 
two-chromophore fluorescent dye bearing a disulfide func 
tion —S—S— such as (I) and ii) in protecting said thiol 
function of (II"), according to methods known by a skilled 
artisan, with the reactant 7YR in order to obtain the protected 
thiol fluorescent dyes of formula (II'). The thiol compound 
(II") may also be metallated with an alkali metal or alkaline 
earth metal Met so as to produce the thiolate fluorescent dye 
of formula (II"). 

An 

1a 
pi 1. R4) YCR,6 

s agent 
Ri 

7 - N " 
S4 INN 1T YR 

SH Y(CRIS), \, :1 7 

(II") 

(II") 

M metallation 
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-continued 

wherein Y comprises a thiol-function-protecting group: 
Met comprises an alkali metal or an alkaline earth metal, 
Such as Sodium or potassium, it being understood that, when 
the metal is an alkaline earth metal, 2 chromophores compris 
ing a thiolate 
—S function can be associated with 1 Metal": 
wherein R. R. R. R. R. R. R. R. R. R', m, n, G, and 
An are as defined above: Y comprises a thiol-function 
protecting group; and R comprises a nucleofuge leaving 
group, for instance mesylate, tosylate, triflate, or halide. 
0186. In another embodiment, a protected thiol compound 
(b) protected with a protecting group Y" as defined above, 
prepared according to one of the procedures described in the 
books described above, said protected thiol compound com 
prising at least one nucleophilic function, can be reacted with 
a sufficient, such as equimolar, amount of a “reactive fluores 
cent chromophore' or of a compound comprising Such a 
“reactive fluorescent chromophore' (a). In other words, (a) 
comprises an electrophilic function so as to form a linking 
group or a X covalent bond, as can be shown Schematically 
below in the preparation of fluorescent dyes of formula (II): 

(II") 

-continued 
Nu-(CRR)-SY 

(II) 

wherein R,R,R,R,R,R,R,R,R,R, m, n, G.Y', and 
An are as defined above; Nu is a nucleophilic group; E is an 
electrophilic group; and X, the linking group generated after 
attack by the nucleophile on the electrophile, it being under 
stood that X is a subset of the definition of Ta as described in 
formulae (I) and (II). 
0187. In one aspect, the X covalent bonds that can be 
generated are listed in the table below based on condensation 
of electrophiles with nucleophiles: 

X Covalent 
Electrophiles E Nucleophiles Nu bonds 

Activated esters* Amines Carboxamides 
Acyl nitrides Amines Carboxamides 
Acyl halides Amines Carboxamides 
Acyl halides Alcohols Esters 
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-continued 

X Covalent 
Electrophiles E Nucleophiles Nu bonds 

Acyl cyanides Alcohols Esters 
Acyl cyanides Amines Carboxamides 
Alkyl halides Amines Alkylamines 
Alkyl halides Carboxylic acids Esters 
Alkyl halides Thiols Thioesters 
Alkyl halides Alcohols Ethers 
Sulfonic acids and salts Thiols Thioethers 
thereof 
Sulfonic acids and salts Carboxylic acids Esters 
thereof 
Sulfonic acids and salts Alcohols Ethers 
thereof 
Anhydrides Alcohols Esters 
Anhydrides Amines Carboxamides 
Aryl halides Thiols Thioethers 
Aryl halides Amines Arylamines 
AZiridines Thiols Thioethers 
Carboxylic acids Amines Carboxamides 
Carboxylic acids Alcohols Esters 
Carbodiimides Carboxylic acids N-acylureas 
Diazoalkanes Carboxylic acids Esters 
Epoxides Thiols Thioethers 
Haloacetamides Thiols Thioethers 
Imide esters Amines Amidines 
Isocyanates Amines Ureas 
Isocyanates Alcohols Urethanes 
Isothiocyanates Amines Thioureas 
Maleimides Thiols Thioethers 
Sulfonic esters Amines Alkylamines 
Sulfonic esters Thiols Thioethers 
Sulfonic esters Carboxylic acids Esters 
Sulfonic esters Alcohols Ethers 
Sulfonylhalides Amines Sulfonamides 

*the activated esters of general formula—CO-Part with Part representing a 
leaving group Such as Oxysuccinimidyl, oxybenzotriazolyl, aryloxy which is 
optionally substituted; 
**the acyl nitrides may rearrange to give isocyanates. 

0188 Another embodiment of this process is to use a 
fluorescent chromophore having an electrophilic acrylate 
function (—OCO-C=C ) on which is carried out an addi 
tion reaction that will generate a Xbond. 
0189 It is also possible to use a thiol reactant (O.):Y SH 
comprising aY' group as defined above, the nucleophilic SH 
function of which can react with the carbon atom in the 
C-position with respect to the halogen atom borne by a fluo 
rescent chromophore, so as to give the protected thiol fluo 
rescent dye of formula (II): 
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wherein R. R2, Rs. R4, R R R. R". Ta R. R", In, In, G,Y, 
(II), and An are as defined above, and Hal is chosen from a 
nucleofuge halogen atom Such as bromine, iodine, or chlo 
rine. 

0190. For example, a nucleofuge leaving group may be 
replaced with a derivative of a thiourea (S—C(NRR)NRR), 
orthiourea, so as to generate isothiouroniums. For example, if 
the thiourea derivative is a thioimidazolinium (B), the reac 
tion scheme is the following: 

(II") 

wherein R. R. R. R. R. R. R. R', m, n, G. Hal, and An 
are as defined above. 

0191 Another aspect is to obtain the compound (II" sat) 
using a cyclic thiourea derivative of imidazoline type (b"), 
followed by alkylation of said imidazoline using R'-Lg, with 
Lg being a leaving group Such as chloride, bromide, tosylate, 
or mesylate: 

(c)HS-Y 
--- II -HHal (II) 
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Alkylation 
R-Lg 

(II"sat) 

wherein R. R. R. R. R. R. R. R', m, n, G. Hal, and An 
are as defined above. 

0.192 One embodiment is to use, in place of the halide 
comprising the fluorescent chromophore (a"), a chromophore 
comprising another type of nucleofuge such as tosylate or 
mesylate. 
0193 In at least another embodiment, certain protected 

thiol fluorescent dyes (II) can be obtained by reacting a 
protected thiol compound with a compound bearing two car 
boxylic acid functions that are activated, according to the 
conventional methods (for example, reaction with a carbodi 
imide or with thionyl chloride). The resulting product (d) is 
Subsequently reacted with a fluorescent chromophore bearing 
a nucleophilic function (c), for example of primary or sec 
ondary amine type, or of aliphatic alcohol type. 
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-continued 
E-(CR - SV (CRR)-SY (II) 

(d) 

wherein R. R. R. R. R. R. R. R. R. R. G. T.Y. m. 
n, AN-, E, Nu, and (II) areas defined above. 
0194 Another aspect is to use a thiolactone derivative as 
represented by the scheme below: 

“N’s / 
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wherein R, R2, R. R. R. R. R. R. G. T.Y. Met, n. m. 
and An are as defined above, G' is chosen from an oxygen 
atom, a Sulfur atom, and an NR' group, wherein R is chosen 
from a hydrogen atom and a alkyl radical, and R is chosen 
from a hydrogen atom, a C-C alkyl radical, a C-C, 
hydroxyalkyl radical, and an aryl(C-C)alkyl. For example, 
the thiolactone is chosen with n=3 and G' is an oxygen atom. 
0.195 One synthesis embodiment is to combine the above 
pathway with the first pathway, i.e., using two equivalents of 

(CH2) 

A. R 
Rgn/ 1. R1\== 

G 

(c") 

R", 4 IN R SC M i C / N'-(CRR)-N YR 

(B) 

7 

X- (c), / -YH 
G SH 

(B) 

M metallation 

R 
i M R 

C R S6 \ M 
7 N'-(CRR)-N 

Rs7l V" R (RAIN M 
R 

( / X 
G SMet: 

(II'b) 
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the nucleophile reactant (c) with a dielectrophilic disulfide fluorescent thiol dye which, in turn, may be either protected 
reactant (i), it is possible to generate, after condensation, the so as to form the protected thiol fluorescent dye in (II) or 
dichromophoric disulfide product (I"), it being possible for metallated with an alkali metal so as to give the metallated 
the latter to undergo a reduction so as to form the heterocyclic heterocyclic thiol fluorescent dye (II"): 

(i) 

(I") 

reducti t 

“N’s / 

(II") 

protection 
Y-R metallation 

-HR 
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-continued 
(II) 

wherein R, R2, R. R. R. R. R. R. R. R. G. E. Nu, X. 
Y', Met, n, m, and An are as defined above. 
0196. In yet another embodiment, the protected thiol fluo 
rescent dyes of formula (II) can be obtained by reaction of a 
compound comprising a thiol group protected with a Y” 
group, and a hydroxyl group activated beforehand to a nucle 
ofuge leaving group (d), for instance mesylate, tosylate, tri 
flate, or halide, with a styrylpyridine chromophore (c'). 

-> (II) 

wherein R, R2, R. R. R. R. R. R. R. R. G. T.Y. m. 
n, (II), and E are as defined above. 
0.197 By way of non-limiting example, a compound con 
taining a protected thiol group comprising a nucleofuge leav 
ing group R, for instance mesylate, tosylate, or triflate, which 
can undergo nucleophilic attack from the amine borne by the 
styryl fluorescent chromophore: 

(II") 

wherein R. R. R. R. R. R. G. R. and Y are as defined 
above. 

0198 Another embodiment comes from the use of halides 
as nucleofuge leaving group on a thiol compound that can be 
Substituted with a primary amine function, for example, 
borne by a styryl fluorescent chromophore: 
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wherein R. R. R. R. R. R, G, and Y are as defined 
above. 
0199. In accordance with another embodiment, the thiol 
fluorescent dyes of formula (II) according to the present dis 
closure can be obtained by reaction of a compound compris 
ing a thiol group Y as defined above and an electrophilic 
group (f), with a pyridinium compound comprising a nucleo 
philic group. By way of non-limiting example, an aldehyde or 
a thioaldehyde when G' is chosen from an oxygenatom and a 
sulfur atom may be condensed with an “activated methylene’ 
Such as alkylpyridinium (e) so as to generate an ethylene bond 
>C=C-. This reaction is commonly known as “Knoevena 
gel condensation. As used herein, “activated methylenes' 
means those which comprise, for example, in the 2- or 4-po 
sition with respect to the pyridinium group, a methylene 
group R. CH2—: 

(II) 

wherein R. R. R. R. R. R. R. R. R. R. R. R.T. m. 
n, Y, and An are as defined above and G is chosen from an 
oxygen atom and a sulfur atom. 
0200 Reference may be made to the book Advanced 
Organic Chemistry, “Reactions, Mechanisms and Struc 
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tures”, J. March, 4th Ed., John Wiley & Sons, 1992 or T. W. 
Greene “Protective Groups in Organic Synthesis', for further 
details on the operating conditions used for the processes 
mentioned above. 
0201 The thiol fluorescent dyes formed can be converted 
to —SY protected thiol fluorescent dyes by protection of the 
—SH thiol using the conventional protecting groups. The 
thiol fluorescent dyes are metallated by also using the con 
ventional methods known to those skilled in the art, such as 
those described in Advanced Organic Chemistry, “Reactions, 
Mechanisms and Structures”. J. March, 4th Ed., John Wiley 
& Sons, NY, 1992. 
0202 The protected thiol dyes can be deprotected by con 
ventional pathways Such as those described in the books 
“Protective Groups in Organic Synthesis'. T. W. Greene, 
John Wiley & Sons Ed., NY, 1981: “Protecting Groups, P. 
Kocienski, Thieme, 3rd Ed., 2005. 
0203 The starting reactants are commercially available or 
accessible by conventional methods known to those skilled in 
the art. By way of non-limiting example, reactant (I) can be 
synthesized using two equivalents of pyridine derivative 1 
and one equivalent of disulfide reactant comprising two leav 
ing groups Lg, so as to give the dipyridinium disulfide Salt 3 
which can, in turn, condense with two equivalents of aryl 
compound comprising an aldehyde/thioaldehyde group 4. So 
as to give 5. 

Lg-(CRR)-T-(CRRA), S Ri 
R C^\, lice...call. 

“N-X / 2 
1 

2 

(4) 
(I) Knoevenagel 

-2 HG 

3 - as 

Rare as defined above; Lg being a nucleofuge leaving group, 
for instance mesylate, tosylate, triflate, or halide. The coun 
terions Lg of the compounds (I") above can be replaced with 
counterions. An of other natures using methods known to 
those skilled in the art, such as by ion-exchange resin. 
0204. In at least one embodiment, the dissymmetric dis 
ulfide dyes of formula (I) can be synthesized in one stage by 
reacting a nonprotected thiol fluorescent dye with a thiol 
fluorescent dye protected with Y', so as to form the disulfide 
dye of formula (I). 

wherein R. R. R. R,R,R, m, n, T.G, G',R, R2, Rs, and 
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(2) indicates text missing or illegible when filed 

wherein R. R. R", R". R. R. R", R", R. R. R. R", 
m, m', n, n' T.T. G. G. Het, and An are as defined above: 
Y' is a thiol-function-protecting group. 
0205. In at least one embodiment, the symmetrical fluo 
rescent disulfide dyes of formula (I) can be synthesized by 
oxidation of the hemicyanin thiol dyes (II). 
0206. The oxidation can be carried out with an oxidizing 
agent, which can optionally be associated. Any oxidizing 

S-S -Tb CRR, N 

May 21, 2009 

() HS T N. NCRNCR5R. \ 
R", 

-HY 

R", 

agent that is conventional in the field may be used. Thus, it 
may be chosen, for example, from hydrogen peroxide, urea 
peroxide, alkali metal bromates, persalts such as perborates 
and persulfates, and also enzymes, among which non-limit 
ing mention may be made of peroxidases, 2-electron oxi 
doreductases such as uricases, and 4-electron oxygenases 
Such as laccases. For example, hydrogen peroxide may be 
used. 
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wherein R. R. R". R". R. R', R", R", R. R. R", R", 
m, m', n, n'. T. T. G. G', and An are as defined above;Y is 
chosen from a hydrogen atom and an alkali metal, optionally 
a thiol-protecting group in the case where this group can be 
deprotected with an oxidizing agent oran alkalineagent (Such 
as, acyl groups). 

May 21, 2009 
22 

Ti, -N. 4. Yi NCR35"NCRR, \ 7, U 
R 

(I) 

0207. In at least one other embodiment, a disulfide com 
pound (b1), said disulfide compound comprising two nucleo 
philic functions, can be reacted with a sufficient amount. Such 
as two equivalents, of a hemicyanin styryl chromophore (a1), 
and which comprises an electrophilic function so as to form a 
X covalent linking group; see below, the preparation of dyes 
of formula (I) 

(-/ Nun -S SS - Nu 
(CH2) (CH2) 

(b) 
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-continued 

\-efine, 

(I) 

wherein R. R. R. R. R. R', m, n, G, An.X., E. and Nuare 
as defined above, it being understood that X is chosen from a 
subset of Ta defined in formulae (I) and (II). 
0208. One aspect of this process is to use a hemicyanin 
styryl chromophore having an electrophilic acrylate function 
( OCO C=C ) on which is carried out an addition reac 
tion that will generate a covalent bond in a X linking group. 
0209. In accordance with another aspect, the disulfide 
dyes of formula (I) can be obtained by reaction of a com 
pound (b2) comprising a disulfide group and two nucleofuge 
leaving groups L.g. for instance meSylate, tosylate, triflate, or 
halide, with a hemicyanin styryl chromophore (a2) bearing a 
group X-Z'. 

Lg 
Y(C), -S Sn 

wherein R. R. R. R. R. R', m, n, G, An, X, and z are 
chosen from a hydrogen atom and an alkali metal, X-Z are 
chosen from a hydrocarbon-based chain bearing a nucleo 
philic group capable of replacing the group Lg, for instance 
an amino or hydroxyl function, it still being understood that X. 
is chosen from a subset of Ta defined in formulae (I) and (II). 
0210. The starting reactants are commercially available or 
accessible by conventional methods known to those skilled in 
the art. 

0211 Reference may be made to the book Advanced 
Organic Chemistry, “Reactions, Mechanisms and Struc 
tures”, J. March, 4th Ed., John Wiley & Sons, 1992 or T. W. 

(CH2) 
(b2) 

i 

(I) 
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Greene “Protective Groups in Organic Synthesis', for further 
details on the operating conditions used for the processes 
mentioned above. 

0212. The thiol fluorescent dyes formed can be converted 
to —SY protected thiol fluorescent dyes by protection of the 
—SH thiol using the conventional protecting groups. The 
thiol fluorescent dyes are metallated by also using the con 
ventional methods known to those skilled in the art, such as 
those described in Advanced Organic Chemistry, “Reactions, 
Mechanisms and Structures”. J. March, 4th Ed., John Wiley 
& Sons, NY, 1992. 
0213. The protected thiol dyes can be deprotected by con 
ventional pathways Such as those described in the books 
“Protective Groups in Organic Synthesis'.T.W. Greene, John 
Wiley & Sons Publisher, NY, 1981: “Protecting Groups, P. 
Kocienski, Thieme, 3rd Ed., 2005. 
0214) Another aspect of the present disclosure relates to a 
dye composition for dyeing keratin materials, which contains 
at least one disulfide fluorescent dye of formula (I) or thiol 
fluorescent dye of formula (II). In addition to the presence of 
at least one fluorescent dye of formula (I) or (II), the compo 
sition of the present disclosure may also contain a reducing 
agent. 
0215. In one aspect, this reducing agent may be chosen 
from thiols, by way of non-limiting example cysteine, 
homocysteine, or thiolactic acid, the salts of these thiols, 
phosphines, bisulfite, Sulfites, and thioglycolic acid and its 
esters, such as glyceryl monothioglycolate, and thioglycerol. 
This reducing agent may also be chosen, for example, from 
borohydrides and derivatives thereof, for instance the salts of 
borohydride, of cyanoborohydride, of triacetoxyborohy 
dride, or of trimethoxyborohydride: sodium salts, lithium 
salts, potassium salts, calcium salts, quaternary ammonium 
(tetramethylammonium, tetraethylammonium, tetra-n-buty 
lammonium, or benzyltriethylammonium) salts; and catechol 
borane. 

0216. The dye composition that can be used in the present 
disclosure may comprise an amount of fluorescent dye of 
formula (I) or (II) ranging from 0.001% to 50% relative to the 
total weight of the composition. For instance, this amount 
may range from 0.005% to 20% by weight, for example from 
0.01% to 5% by weight, relative to the total weight of the 
composition. 
0217. The dye composition may also comprise additional 
direct dyes. These direct dyes are chosen, by way of non 
limiting example, from neutral, acidic, or cationic nitroben 
Zene direct dyes, neutral, acidic, or cationic azo direct dyes, 
tetraazapentamethine dyes, neutral, acidic, or cationic 
quinone. Such as anthraquinone dyes, azine direct dyes, tri 
arylmethane direct dyes, indoamine direct dyes, and natural 
direct dyes. 
0218. Among the natural direct dyes, non-limiting men 
tion may be made of lawsone, juglone, alizarin, purpurin, 
carminic acid, kermesic acid, purpurogallin, protocatechal 
dehyde, indigo, satin, curcumin, spinulosin, and apigenindin. 
Extracts or decoctions comprising these natural dyes, such as 
poultices or henna-based extracts, may also be used. 
0219. The dye composition may comprise at least one 
oxidation base and/or at least one coupler conventionally 
used for dyeing keratin fibers. 
0220. Among the oxidation bases, non-limiting mention 
may be made of para-phenylenediamines, bisphenylalkylene 
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diamines, para-aminophenols, bis-para-aminophenols, 
ortho-aminophenols, heterocyclic bases, and addition salts 
thereof. 
0221 Among these couplers, non-limiting mention may 
be made of meta-phenylenediamines, meta-aminophenols, 
meta-diphenols, naphthalene couplers, heterocyclic couplers, 
and addition salts thereof. 

0222. Theat least one coupler may be present in an amount 
ranging from 0.001% to 10% by weight, such as from 0.005% 
to 6% by weight, relative to the total weight of the dye com 
position. 
0223) The at least one oxidation base may be present in the 
dye composition in an amount ranging from 0.001% to 10% 
by weight, such as from 0.005% to 6% by weight, relative to 
the total weight of the dye composition. 
0224 For instance, the addition salts of the at least one 
oxidation base and of the at least one coupler that can be used 
in the context of the present disclosure are chosen, by way of 
non-limiting example, from addition salts with an acid, Such 
as hydrochlorides, hydrobromides, sulfates, citrates. Succi 
nates, tartrates, lactates, tosylates, benzenesulfonates, phos 
phates, and acetates, and addition salts with a base. Such as 
hydroxides of an alkali metal Such as Sodium or potassium, 
aqueous ammonia, amines, or alkanolamines. 
0225. The cosmetically acceptable medium for dyeing, 
also called dye Support, is a cosmetic medium generally con 
stituted of water or of a mixture of water and at least one 
organic solvent. By way of the at least one organic solvent, 
non-limiting mention may, for example, be made of C-C, 
lower alkanols, such as ethanol and isopropanol; polyols and 
polyol ethers, such as 2-butoxyethanol, propylene glycol, 
propylene glycol monomethyl ether, diethylene glycol mono 
ethyl ether, and diethylene glycol monomethyl ether, and also 
aromatic alcohols such as benzyl alcohol or phenoxyethanol, 
and mixtures thereof. 

0226. The at least one solvent may be present in propor 
tions ranging from approximately 1% to 99% by weight, for 
instance, from approximately 5% and 95% by weight, relative 
to the total weight of the dye composition. 
0227. In at least one embodiment, the composition of the 
present disclosure comprises a reducing agent capable of 
reducing the disulfide bonds of keratin and/or the disulfide 
bonds of the fluorescent dyes of formula (I). This reducing 
agent is as defined above. 
0228. The dye composition may also comprise various 
adjuvants conventionally used in hair-dyeing compositions, 
Such as, by way of non-limiting example, anionic, cationic, 
nonionic, amphoteric, or Zwitterionic Surfactants or mixtures 
thereof, anionic, cationic, nonionic, amphoteric, or Zwitteri 
onic polymers, or blends thereof, mineral or organic thicken 
ers, such as anionic, cationic, nonionic, and amphoteric asso 
ciative polymer thickeners, antioxidants, penetrating agents, 
sequestering agents, fragrances, buffers, dispersing agents, 
conditioning agents such as, for example, modified or 
unmodified, volatile or nonvolatile silicones, such as amino 
silicones, film-forming agents, ceramides, preservatives, 
opacifiers, or conductive polymers. 
0229. The above adjuvants may be present in an amount, 
for each of them, ranging from 0.01% to 20% by weight 
relative to the weight of the composition. 
0230. Those skilled in the art will take care to select this or 
these possible additional compounds in Such a way that the 
advantageous properties intrinsically associated with the dye 



US 2009/O 126125 A1 

composition in accordance with the present disclosure are 
not, or are not substantially, impaired by the addition(s) envis 
aged. 
0231. The pH of the dye composition can range from 
approximately 3 to 14, for example, from approximately 5 to 
11. It may be adjusted to the desired value by means of at least 
one acidifying or basifying agent normally used in the dyeing 
of keratin fibers or else by means of conventional buffer 
systems. 
0232 Among the at least one acidifying agent, non-limit 
ing mention may be made, by way of example, of mineral or 
organic acids, such as hydrochloric acid, orthophosphoric 
acid, Sulfuric acid, carboxylic acids, for instance acetic acid, 
tartaric acid, citric acid, or lactic acid, or Sulfonic acids. 
0233 Among the at least one basifying agent, non-limit 
ing mention may, by way of example, be made of aqueous 
ammonia, alkali carbonates, alkanolamines Such as mono-, 
di-, and triethanolamines, and also derivatives thereof, 
Sodium hydroxide or potassium hydroxide and the com 
pounds of formula (Y) below: 

(Y) 
Ra Ra R /s: 
N-W-N 
/ V 
Ra4 Ra3 

wherein Wis a propylene residue optionally substituted with 
a hydroxyl group or a C-C alkyl radical; R. R. R. and 
R, which may be identical or different, are chosen from 
hydrogen atoms, C-C alkyl radicals, and C-C hydroxy 
alkyl radicals. 
0234. The dye composition may be in various forms, such 
as in the form of a liquid, a cream or agel, or in any otherform 
suitable for dyeing keratin fibers, such as the hair. 
0235 Another aspect of the present disclosure is a process 
for dyeing keratin material comprising applying a composi 
tion comprising at least one dye of formula (I) or (II) to said 
materials. According to at least one embodiment, in the pro 
cess of the present disclosure, a reducing agent may also be 
applied as a pretreatment before the application of the com 
position comprising at least one fluorescent dye of formula (I) 
or (II). 
0236. This reducing agent may be chosen, by way of non 
limiting example, from thiols, for example cysteine, 
homocysteine orthiolactic acid, the salts of these thiols, phos 
phines, bisulfite, Sulfites, and thioglycolic acid and also its 
esters, for instance glyceryl monothioglycolate, and thioglyc 
erol. This reducing agent may also be chosen, by way of 
non-limiting example, from borohydrides and derivatives 
thereof, for instance the salts of borohydride, of cyanoboro 
hydride, of triacetoxyborohydride or of trimethoxyborohy 
dride: Sodium salts, lithium salts, potassium salts, calcium 
salts, quaternary ammonium (tetramethylammonium, tetra 
ethylammonium, tetra-n-butylammonium, or benzyltriethy 
lammonium) salts; and catecholborane. 
0237. This pretreatment may be of short duration, such as 
from 0.1 second to 30 minutes, for example, from 1 minute to 
15 minutes, with a reducing agent as mentioned above. 
0238 According to another process of the present disclo 
Sure, the composition comprising at least one fluorescent dye 
of formula (I) or (II) also comprises at least one reducing 
agent as defined above. This composition is then applied to 
the hair. 
0239 When the thiol fluorescent dye of formula (II) com 
prises a thiol-function-protecting group Y, the process of the 
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present disclosure may be preceded by a deprotection step 
aimed at restoring the SH function in situ. 
0240. By way of non-limiting example, it is possible to 
deprotect the S Y function with a Y protecting group by 
adjusting the pH as follows: 

Y: Protecting group Deprotection 

alkylcarbonyl pH > 9 
airylcarbonyl pH > 9 
alkoxycarbonyl pH > 9 
aryloxycarbonyl pH > 9 
arylalkoxycarbonyl pH > 9 
(di)(alkyl)aminocarbonyl pH > 9 
(alkyl)arylaminocarbonyl pH > 9 
optionally substituted aryl, Such as phenyl pH > 9 
5-, 6- or 7-membered monocyclic heteroaryl pH > 9 
Such as oxazolium 
8- to 11-membered bicyclic heteroaryl, such as pH > 9 
benzoimidazolium or benzoxazolium 

0241 The deprotection step can also be carried out during 
a hairpretreatment step, for instance reducing pretreatment of 
the hair. 
0242. According to one embodiment, the reducing agentis 
added to the dye composition comprising at least one fluo 
rescent dye of formula (I) or (II) at the time of use. 
0243 According to another embodiment, the composition 
comprising at least one fluorescent dye of formula (I) or (II) 
also comprises at least one reducing agent as defined above. 
This composition is then applied to the hair. 
0244. According to another embodiment, the reducing 
agent is applied as a post-treatment, after the application of 
the composition comprising at least one fluorescent dye of 
formula (I) or (II). The duration of the post-treatment with the 
reducing agent may be, for example ranging from 0.1 second 
to 30 minutes, such as from 1 minute to 15 minutes, with at 
least one reducing agent as described above. According to 
another non-limiting embodiment, the reducing agent com 
prises an agent of thiol or borohydride type as described 
above. 
0245 Another embodiment of the present disclosure 
relates to a process in which the fluorescent dye of formula (I) 
or (II) can be applied directly to the hair without reducing 
agents, free of reducing pretreatment or reducing post-treat 
ment. 

0246 A treatment with at least one oxidizing agent may 
optionally be combined. Any type of oxidizing agent conven 
tional in the field may be used. Thus, the at least one oxidizing 
agent may be chosen, by way of non-limiting example, from 
hydrogen peroxide, urea peroxide, alkali metal bromates, 
persalts such asperborates and persulfates, and also enzymes, 
among which non-limiting mention may be made of peroxi 
dases, 2-electron oxidoreductases such as uricases and 
4-electron oxygenases such as laccases. For example, hydro 
gen peroxide may be used. 
0247 Theat least one oxidizing agent can be applied to the 
fibers before or after the application of the composition com 
prising at least one fluorescent dye of formula (I) or (II). In 
one embodiment of the present disclosure, the composition 
further comprises at least one oxidizing agent. 
0248. The application of the dye composition according to 
the present disclosure can be carried out at ambient tempera 
ture. It may, however, be carried out attemperatures ranging 
from 20 to 180° C. 
0249. Another aspect of the present disclosure is also a 
multicompartment dyeing device or dyeing "kit' wherein a 
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first compartment comprises a dye composition comprising at 
least one fluorescent dye of formula (I) or (II) and a second 
compartment comprising a reducing agent capable of reduc 
ing the disulfide functions of keratin materials and/or of the 
disulfide fluorescent dye of formula (I). 
0250 One of these compartments may also comprise at 
least one other dye of direct dye or oxidation dye type. 
0251. The present disclosure also relates to a multicom 
partment device wherein a first compartment comprises a dye 
composition comprising at least one fluorescent dye of for 
mula (I) or (II); a second compartment comprises a reducing 
agent capable of reducing the disulfide bond of keratin mate 
rials and/or of the disulfide fluorescent dye of formula (I); and 
a third compartment comprises an oxidizing agent. 
0252. In yet another embodiment, the dyeing device com 
prises a first compartment comprising a dye composition 
which comprises at least one protected thiol fluorescent dye 
of formula (II) and a second compartment comprising an 
agent capable of deprotecting the protected thiol So as to free 
the thiol. 
0253) Devices described herein may be equipped with a 
means for delivering the desired mixture to the hair, for 
example such as the devices described in patent FR 2586 913. 
0254 As disclosed herein, the percentages stated are by 
weight. 
0255. Other than in the examples, or where otherwise indi 
cated, all numbers expressing quantities of ingredients, reac 
tion conditions, and so forth used in the specification and 
claims are to be understood as being modified in all instances 
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by the term “about.” Accordingly, unless indicated to the 
contrary, the numerical parameters set forth in the specifica 
tion and attached claims are approximations that may vary 
depending upon the desired properties sought to be obtained 
by the present disclosure. At the very least, and not as an 
attempt to limit the application of the doctrine of equivalents 
to the scope of the claims, each numerical parameter should 
be construed in light of the number of significant digits and 
ordinary rounding approaches. 
0256 Notwithstanding that the numerical ranges and 
parameters setting forth the broad scope of the disclosure are 
approximations, unless otherwise indicated the numerical 
values set forth in the specific examples are reported as pre 
cisely as possible. Any numerical value, however, inherently 
contains certain errors necessarily resulting from the standard 
deviation found in their respective testing measurements. 
(0257. The examples which follow serve to illustrate the 
present disclosure without, however, being limiting in nature. 
The thiol fluorescent dyes of the examples hereinafter have 
been characterized by conventional spectroscopic and spec 
trometric methods. 

SYNTHESIS EXAMPLES 

Example 1 
Synthesis of 2,2'-(disulfanediyldiethane-2,1-diyl) 
bis(5-4-(dimethylamino)benzylidene-5,6,7,8- 

tetrahydroisoquinolinium dimethane Sulfonate 1 
0258 

Synthesis scheme 

MSO S + 'N-1 ns1N1\o 
N 
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-continued 

Stage 1: Synthesis of 2,2'-(disulfanediyldiethane-2.1- 
diyl)bis(5,6,7,8-tetrahydroisoquinolinium) 

dimethane Sulfonate 

0259 3.2 g of 5,6,7,8-tetrahydroisoquinoline and 0.7 g of 
potassium carbonate were mixed in 3 ml of acetonitrile and 
brought to 80°C. A solution of 3.4 g of disulfanediyldiethane 
2,1-diyl dimethane sulfonate in 3 ml of acetonitrile was added 
in 10 min. Stirring was maintained for 8 h at 80° C. and then 
the reaction medium was brought back to ambient tempera 
ture, filtered, and concentrated under vacuum. 6 ml of dichlo 
romethane were added and the Solution was poured dropwise 
into 500 ml of ethyl ether. The oil that had been separated by 
settling out was reprocessed twice by diluting in 6 ml of 
methanol and adding to 500 ml of ethyl ether, and a final time 
by diluting in 6 ml of dichloromethane and adding to 500 ml 
of ethyl ether. After drying under vacuum, 5.2 g of brown 
solid were recovered. The analyses were in compliance with 
the expected structure. 
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Stage 2: 2,2'-(disulfanediyldiethane-2,1-diyl)bis(5- 
4-(dimethylamino)benzylidene-5,6,7,8- 

tetrahydroisoquinolinium dimethane Sulfonate 1 

0260 2.1 g of 2,2'-(disulfanediyldiethane-2,1-diyl)bis(5, 
6,7,8-tetrahydroisoquinolinium) dimethane sulfonate and 1.1 
g of dimethylaminobenzaldehyde were mixed in 6 ml of 
methanol. 130 ul of piperidine were added and the mixture is 
stirred for 8 hat 21°C. 65ul of piperidine were added and the 
stirring was maintained for 48 h. 130 ul of piperidine were 
again added and the mixture was kept stirred for 24 h. The 
mixture obtained was poured dropwise into 500 ml of methyl 
tert-butyl ether with vigorous stirring. A viscous oil separated 
by settling out. It was separated from the Supernatant, diluted 
in 20 ml of dichloromethane, and poured dropwise into 500 
ml of methyl-tert-butyl ether. The orangey-red precipitate 
formed was filtered off, rinsed with 500 ml of methyl-tert 
butyl ether, taken up in 20 ml of dichloromethane, and again 
poured into 500 ml of methyl-tert-butyl ether, filtered, rinsed, 
and dried. 2.2 g of red solid are obtained. The analyses 
showed that it was in compliance. 
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Example 2 
Synthesis of 2,2'-(disulfanediyldibutane-4,1-diyl) 

bis(5-(4-methyl-3,4-dihydro-2H-1,4-benzoxazin-7- 
yl)methylene-5,6,7,8- 

tetrahydroisoquinolinium dimethane Sulfonate 2 
0261 

2 

r 
-N 

rs N S 
2 N-1N1\s 1 N-1N1a. 

O 
O 

2 \4 
1 \ 

O 

2 
Synthesis scheme 

MSO S N-1 n-1\s1 N-1N1 Nov. 

21 

r N S 
2 N-1 n-1\s 1. N-1N1 a. 2 

O 
N 

1so 
O 
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-continued 

Stage 1: Synthesis of 2,2'-(disulfanediyldibutane-4, 1 
diyl)bis(5,6,7,8-tetrahydroisoquinolinium) 

dimethane Sulfonate 
0262 2.1 g of 5,6,7,8-tetrahydroisoquinoline and 0.5g of 
otassium carbonate were mixed in 2 ml of acetonitrile and 
rought to 100° C. A solution of 2.7 g of disulfanediyldibu 

tane-4,1-diyl dimethane sulfonate in 2 ml of acetonitrile was 
added in 5 min. Stirring was maintained for 3 hat 100° C. and 
then the reaction medium was brought back to ambient tem 
perature and concentrated under vacuum. 10 ml of dichlo 
romethane were added and the solution was filtered and then 
poured dropwise into 100 ml of ethyl ether. The oil that had 
separated by settling out was reprocessed by diluting in 10 ml 
ofdichloromethane and adding to 500 ml of ethyl ether. After 
drying under vacuum, 3.3 g of a brown oil were recovered. 
The analyses were in compliance with the expected structure. 

Stage 2: 2,2'-(disulfanediyldibutane-4,1-diyl)bis(5- 
(4-methyl-3,4-dihydro-2H-1,4-benzoxazin-7-yl) 

methylene-5,6,7,8- 
tetrahydroisoquinolinium dimethane Sulfonate 2 

0263. 2.8 g of 2,2'-(disulfanediyldibutane-4,1-diyl)bis(5, 
6,7,8-tetrahydroisoquinolinium) dimethane Sulfonate and 2g 

HO 

// \ ( ) \ 
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of 4-methyl-3,4-dihydro-2H-1,4-benzoxazine-7-carbalde 
hyde were mixed in 28 ml of isopropanol. 0.7 g of piperidine 
was added and the mixture was stirred for 10 hat 80°C. The 
mixture was cooled and concentrated under vacuum, taken up 
in 20 ml ofdichloromethane and poured dropwise into 200 ml 
of ethyl ether. A solid and an oil were formed. They were 
separated (filtration of the supernatant with the solid), the oil 
was taken up with 20 ml of dichloromethane, and the mixture 
was poured into 200 ml of ethyl ether. A new solid fraction 
was recovered. The solid fractions obtained were each taken 
up in 20 ml of dichloromethane and concentrated under a 
strong vacuum. 1.7 g of red solid were recovered. The analy 
ses showed that the product was in compliance with the 
expected Structure. 

Example 3 
Synthesis of 2,2'-(disulfanediyldiethane-2,1-diyl)bis 

5-(4-bis(2-hydroxyethyl)amino 
phenyl)methylidene)-5,6,7,8-tetrahydroisoquino 

liniumbis mesylate 3 
0264 

N 

OH 
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-continued 
Synthesis scheme 

O 
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Stage 1: synthesis of 2,2'-(disulfanediyldiethane-2.1- 
diyl)di-5,6,7,8-tetrahydroisoquinolinium bis mesy 

late 

0265 50.12 g of disulfanediyldiethane-2,1-diyl 
dimethanesulfonate were solubilized in 90 mL of N-meth 
ylpyrrolidinone (NMP). The mixture was heated at 90° C. and 
46.49 g of tetraisoquinoline were added, followed by 50 mL 
more NMP and 10 mL acetonitrile. After 4 h at 90° C., the 
reaction mixture was poured on 1.7 L of ethyl acetate 
(AcOEt) and refrigerated at -10°C. The supernatant solution 
was discarded, the oil was washed with 100 mL iPrOH and 
300 mL diethylether, then several times ethyl acetate until no 
tetrahydroisoquinoline was detected by TLC. After drying, 

OH 

77.5 g of oil were collected. Analyses were in accordance 
with the expected structure and the product was used as Such 
for the following step. 

Stage 2: Synthesis of 2,2'-(disulfanediyldiethane-2.1- 
diyl)bis 5-(4-bis(2-hydroxyethyl)aminolphenyl 
methylidene)-5,6,7,8-tetrahydroisoquinoliniumbis 

meSylate 
0266 5.12 mL of piperidine were added to a suspension of 
45.6 g of 4-bis-(2-hydroxy-ethyl)-amino-benzaldehyde and 
50 g of 2,2'-(disulfanediyldiethane-2,1-diyl)di-5,6,7,8-tet 
rahydroisoquinolinium bis mesylate in 200 mL of methanol. 
After 28 d of mixing at room temperature, the reaction mix 
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ture was poured on 1 Lethyl acetate. The sticky dark oil was 
washed several times with acetone and dried. 
Analyses were in accordance with the expected structure of 
3. 
0267 LC/MS gradient ACONH20 mM->CHCN 10 min 
ESI+/-m/Z385; W =468 nm. 
0268 NMR 1H (ppm): 1.91 (mH, 4H), 2.69 (s, 6.7H 
mesylate), 2.92 (t, 4H), 2.98 (t, 4H), 3.36 (t, 4H), 3.63 (t, 8H), 
3.76 (t, 8H), 4.74 (t, 4H), 6.84 (d, 4H), 7.51 (d. 4H), 7.65 (s, 
2H), 8.25 (d. 2H), 8.44 (d. 2H), 8.51 (d. 2H). 

DYEING EXAMPLES 

Example 1 
Dyeing Process—Compounds 1 and 2 

0269 Preparation of a Composition A 

Compound 1 or 2 5 x 10 mol % 

Benzyl alcohol 
Polyethylene glycol 6 EO 
Hydroxyethylcellulose 
Alkylpolyglucoside in an aqueous solution 
containing 65% AM 
Demineralized water 

3. : 
qs 100 g 

0270 Preparation of a Composition B 

Thioglycolic acid 1M 
Sodium hydroxide qs 

pH 8.5 
Demineralized water qs 100 g 

May 21, 2009 

0271 At the time of use, compositions A (9 ml) and B (1 
ml) were mixed, then the formulations were applied to locks 
of natural white hair containing 90% white hairs (NW), per 
manent-waved white hair (PW), or chestnut-brown hair hav 
ing a tone height of 4 (TH4). The leave-in time was 20 
minutes at ambient temperature AT. 
0272. After rinsing with running water, a fixer (Dulcia 
Vital II(R) diluted 10-fold with water was applied for 5 min 
utes at AT. After rinsing with running water and shampooing, 
the locks were air-dried and lightening of the dark hair thus 
treated was observed: the TH4 lock had become visually 
lighter than untreated control locks. The locks of white hair 
were colored with strong shades. 
Visual Observations: 

0273 During the rinsing and shampooing of the colorings 
obtained with compounds 1 and 2, there was no visible 
bleeding of the color; the shampoo foam and the rinsing water 
were virtually uncolored. 
(0274 The color observed was conserved on the dyed NW 
and PW, and the lightening effect remained visible on the 
shampooed TH4 hair. 

Reflectance Results for Evaluating the Lightening: 
0275. The lightening effectiveness of the compositions in 
accordance with the present disclosure was expressed as a 
function of the reflectance of the hair. These reflectances were 
compared with the reflectance of a lock of untreated hair of 
tone height TH4. 
0276. The reflectance was measured by means of a 
KONIKA-MINOLTAR), CM3600d spectrophotocolorimeter 
apparatus and after irradiation of the hair with visible light in 
the wavelength range of from 400 to 700 nanometers. 
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Curves of reflectance of TH4 locks treated with dyes 1 and 2 

8 

SS - 

6 -Reference: 
s 5 -x-Dye 1 

-g-Dye 2 
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0277. It was first of all noted that the reflectance of a lock 
of hair treated with a composition according to the present 
disclosure was greater than that of untreated hair. For 
instance, the reflectance of the locks treated with dyes 1 and 
2 was much greater than that of the reference lock in the 
wavelength range above 560 nm. The locks treated with these 
two compounds therefore appeared to be lighter. 

Results in the L*a*b* System for Evaluating the Coloring of 
TH4, NW, PW: 

0278. The color of the locks was evaluated in the L*a*b* 
system by means of a MINOLTAR. CM 3600D spectrocolo 
rimeter (Illuminant D65). 
(0279. In this L*a*b* system, L* represents the lightness, 
a indicates the green/red color axis and b* the blue/yellow 
color axis. The higher the value of L, the lighter or weaker the 
color. Conversely, the lower the value of L, the darker or much 
stronger the color. The higher the value of a, the redder the 
shade, and the higher the value of b, the more yellow the 
shade. 
0280. The variation in coloring between the TH4 dyed and 
washed locks of hair was measured by (AE) according to the 
following equation: 

0281. In this equation, L*, a, and b* are the values mea 
sured before dyeing, and Lo, a, and b are the values 
measured before dyeing (or shampooing). 
0282. The greater the value of AE, the greater the differ 
ence in color between the TH4 locks and the colored locks. 

On the TH4 Dark Hair: 

0283 

Compounds L*(D65) a' (D65) b (D65) AE 

TH4 Reference 2O 2.69 3.02 
Compound 1 20.53 5.72 3.84 3.19 
Compound 2 2012 4.92 3.7 2.34 

S-S -N. CRR, N(CRR), NCRR, \ 
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0284. The values reported in the table above show the 
coloring effect with lightening obtained on the dark hair 
(TH4) by using compounds 1 and 2. 
On the NW and PW Hair: 

0285. The natural white hair and the permanent-waved 
white hair were colored bright orange. 

Natural white 6O.S 1.5 16.1 
Compound 1 39.1 37.9 33.3 
Compound 2 35.5 36.9 29.7 
Permanent-waved 

white 60.9 1.8 17.0 
Compound 1 38.9 39.8 33.5 
Compound 2 36.0 38.5 3O.S 

Fastness with Respect to Successive Shampooing Opera 
tions: 
0286 The locks treated were divided into two, half were 
Subjected to 5 successive shampooing operations according 
to a cycle which comprised wetting the locks with water, 
washing with a conventional shampoo, rinsing with water, 
followed by drying. 
Visual Observations 

0287. During the shampooing operations, there was no 
visible bleeding of the color; the shampoo foam and the 
rinsing water were not colored. 
0288 The color observed and the lightening effect 
remained visible on the hair of tone height 4 thus treated. 
Fastness with Respect to Light: 
0289. A study of light-fastness was carried out, by expo 
sure to the Xenotest, on the locks of natural white and per 
manent-waved white hair for 3 hours. The exposure condi 
tions were 90 W/m, 60% relative humidity and with a 
chamber temperature of 35°C. 
0290. After 3 hours of exposure to the light, the natural 
white NW hair and the permanent-waved white PW hair dyed 
with dyes 1 and 2 of the present disclosure were virtually 
unchanged. 
What is claimed is: 
1. A fluorescent dye of formula (I) or (II): 

(I) 

-T 

R", 
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-continued 
(II) 

- SY 
(CR3R4), 

the organic or mineral acid salts thereof, optical isomers C-C alkoxy, a C-C (poly)hydroxyalkoxy, a alkylcar 
and geometric isomers thereof, or the Solvates thereof: bonyloxy, a alkoxycarbonyl, a alkylcarbonylamino, an 

wherein: acylamino, a carbamoyl, a alkylsulfonylamino radical, 
an aminosulfonyl radical, and a (C-C) alkyl radical 
optionally Substituted with a group chosen from (C- 

--- C.)alkoxy, hydroxyl, cyano, carboxyl, amino, (C-C) 
alkylamino, (C-C) dialkylamino, and (C-C) dialky 

- lamino wherein the two alkyl radicals borne by the 
~ s nitrogen atom of the amino group form a heterocycle 

comprising from 5 to 7 members and optionally com 
prising another heteroatom identical to or different from 
that of the nitrogen atom; 

is chosen from an aryl, a heterocyclic, and a heteroaryl group or when G and/or G' are NRR, two groups RandR c s c g 

fused to the phenyl ring; or is absent from the phenyl ring; RandR, and/or R and R", R. and R", togetherform g c g 3. 
G and G', which may be identical or different, are chosen a saturated heteroaryl or heterocycle, optionally Substi 

from an —NRR group and a (C-C)alkoxy group, 
which is optionally substituted; or G or G' is absent; 

RandR which may be identical or different, are chosen 
from a hydrogenatom, an optionally Substituted (C-C) 
alkyl group, an aryl (C-C)alkyl group, and a (C-C) 
alkoxy(C-C)alkyl group; or the two RandR radicals 
may form, together with the nitrogen atoms to which 
they are attached, a heterocyclic or heteroaryl group; 

R. R. R". R", R, and R", which may be identical or 
different, are chosen from a hydrogen atom, a halogen 
atom, an amino, a (di)(C-C)alkylamino, a cyano, a 
carboxyl, a hydroxyl, a trifluoromethyl, a acylamino, a 
C-C alkoxy, a C-C (poly)hydroxyalkoxy, a (C-C) 
alkylcarbonyloxy, a (C-C)alkoxycarbonyl, a (C-C) 
alkylcarbonylamino, a acylamino, a carbamoyl, a (C- 
C.)alkylsulfonylamino group, an aminosulfonyl radical, 
and a (C-C)alkyl radical optionally substituted with a 
group chosen from (C-C)alkoxy, hydroxyl, cyano, 
carboxyl, amino, and (di) (C-C)alkylamino wherein 
optionally the two alkyl radicals borne by the nitrogen 
atom of the amino group form a heterocycle comprising 
from 5 to 7 members and optionally comprising another 
heteroatom identical to or different from that of the 
nitrogen atom; 

or two groups RandR' or R" and R", together with the 
two adjacent carbon atoms to which they are attached, 
form a benzo, an indeno ring, a fused heterocycloalkyl, 
or a fused heteroaryl group; wherein the benzo, indeno, 
heterocycloalkyl, or heteroaryl ring being optionally 
Substituted with at least one radical chosen from a halo 
gen atom, a (C1-C4)alkyl, an amino, a (C-C)alky 
lamino, a (C-C)dialkylamino, a cyano, a carboxyl, a 
hydroxyl, a trifluoromethyl group, an acylamino, a 

tuted with at least one (C-C)alkyl group: 
R', and R", which may be identical or different, are chosen 

from a hydrogen atom and a (C-C)alkyl group; 
R", with R", and R", with R", form, together with the 

carbonatoms which bear them, an optionally substituted 
Cs-C, cycloalkyl group fused to the pyridinium group, 
wherein the R', or R", radical and the styryl group bear 
ing the R', or R", radical are positioned on adjacent 
carbon atoms of the pyridinium groups; 

R. R. R. R. R. R. R', and R', which may be identical 
or different, are chosen from: 
a hydrogen atom, 
a (C-C)alkyl group, 
a (C-C2)alkoxy, 
a hydroxyl, 
a cyano, 
a–C(O)OM" wherein M" is an alkali metal or M" and 
An are absent, 

a carboxyl, 
a (di) (C-C)(alkyl)amino, wherein the two alkyl radi 

cals may optionally form, with the nitrogen atom 
which bears them, a heterocycle comprising from 5 to 
7 members, optionally comprising another heteroa 
tom which may or may not be different from nitrogen; 

T, and T, which may be identical or different, are chosen 
from: 

i) a O covalent bond; 
ii) at least one radical or combination thereof, chosen from 

SO. , —O , —S , N(R)—, N“(R)(R)—, 
and —C(O)—, wherein R and R, which may be iden 
tical or different, are chosen from a hydrogen atom, a 
C-C alkyl radical, a C-C hydroxyalkyl radical, and 
an aryl(C-C)alkyl; and 
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(iii) a monocyclic, cationic or noncationic, heterocy 
cloalkyl or heteroaryl radical; 

m, m', n, and n', which may be identical or different, are 
integers ranging from 0 to 6, wherein m+n and m'+n', 
which may be identical or different, are integers ranging 
from 1 to 10; 

An is an anionic counterion; and 
Y is chosen from: 
i) a hydrogen atom; 
ii) an alkali metal; 
iii) an alkaline earth metal; 
iv) an ammonium group: NR'R'R'R' or a phosphonium 

group: PRRPR wherein R, RP, R, and R, which 
may be identical or different, are chosen from a hydro 
gen atom and a (C-C)alkyl group; and 

V) a thiol-function-protecting group; 
wherein when the compound of formula (I) or (II) com 

prises at least one other cationic part, it is associated with 
at least one anionic counterion allowing formula (I) or 
(II) to achieve electroneutrality. 

2. The fluorescent dye of formula (II) according to claim 1, 
wherein Y is chosen from a hydrogen atom and an alkali 
metal. 

3. The fluorescent dye of formula (II) according to claim 1, 
wherein Y is chosen from a thiol-function-protecting group. 

4. The fluorescent dye of formula (II) according to claim3, 
wherein Y is chosen from a thiol-function-protecting group 
chosen from the following radicals: 

(C-C)alkylcarbonyl: 
(C-C)alkylthiocarbonyl: 
(C-C)alkoxycarbonyl: 
(C-C)alkoxythiocarbonyl: 
(C-C)alkylthiothiocarbonyl: 
(di) (C-C)(alkyl)aminocarbonyl: 
(di) (C-C)(alkyl)aminothiocarbonyl: 
arylcarbonyl: 
aryloxycarbonyl: 
aryl(C-C)alkoxycarbonyl: 
(di)(C-C)(alkyl)aminocarbonyl: 
(C-C)(alkyl)arylaminocarbonyl: 
carboxyl; 
SO; M", wherein M" is an alkali metal or An of formula 

(II) and M are absent; 
optionally substituted aryl; 
optionally substituted heteroaryl; 
optionally cationic, optionally Substituted heterocy 

cloalkyl, 
the following group: 

R R'S 
N Rih 
7 

X-r 
Rid An 

wherein R. R. R. R. R's, and R", which may be identical 
or different, are chosen from hydrogen atoms and (C-C) 
alkyl groups, or two groups R's with R', and/or R' with R. 
form an oxo or thioxo group, or R' with R" together form a 
cycloalkyl, and V is an integer ranging from 1 to 3; and An' is 
an anionic counterion; 
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isothiouronium; 
C(NR'R'')—NR'R''. An wherein R, R, Re, and 
R", which may be identical or different, are chosen from 
a hydrogenatomanda (C-C)alkyl group, and An is an 
anionic counterion; 

isothiourea; 
C(NR'R'')—NR'': An, wherein R, R', R', and An 
are defined above; 

optionally substituted (di)aryl(C-C)alkyl: 
optionally substituted (di)heteroaryl (C-C)alkyl: 
—CRRR, wherein R', R, and R, which may be iden 

tical or different, are chosen from: 
i) halogen atom 
ii) (C-C)alkyl: 
iii) (C-C)alkoxy; 
iv) optionally substituted aryl; 
V) optionally substituted heteroaryl; and 
vi) P(Z)R'R'R'', wherein R'' and R', which may be 

identical or different, are chosen from a hydroxyl, a 
(C-C)alkoxy, and a alkyl group; R is chosen from a 
hydroxyl and a (C-C)alkoxy group; and Z' is chosen 
from an oxygen atom and a Sulfur atom; 

a sterically hindered cyclic group; and 
optionally substituted alkoxyalkyl. 
5. The fluorescent dye of formula (II) according to claim 1, 

wherein Y is chosen from an alkali metal and a protecting 
group chosen from: 

(C-C)alkylcarbonyl: 
arylcarbonyl: 
(C-C)alkoxycarbonyl: 
aryloxycarbonyl: 
aryl(C-C)alkoxycarbonyl: 
(di)(C-C)(alkyl)aminocarbonyl: 
(C-C)(alkyl)arylaminocarbonyl: 
optionally aryl; 
5- or 6-membered cationic monocyclic heteroaryl option 

ally substituted with at least one (C-C)alkyl group 
which may be identical or different; 

8- to 11-membered cationic bicyclic heteroaryl optionally 
Substituted with at least one (C-C)alkyl group which 
may be identical or different; 

cationic heterocycle of the following formula: 

Me 
V 
N 

() N 

M/ An 

isothiouronium; 

isothiourea; 

SO; M", wherein M" is an alkali metal or An of formula 
(II) and M are absent. 

6. The fluorescent dye of formula (I) according to claim 1, 
comprising a C2 axis of symmetry between the two Sulfur 
atoms of the central disulfide radical. 
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The fluorescent dye according to claim 1, comprising at 
one of the two formulae (Ia) and (IIa): 

R 

x R N Ns, 

R? C. / Y. 1 an -S-S 
o (CH2) (CR3R4), 

Re & 2 Rg 
V N X's. R 
/ An 

R C. 4 \ / Y. 1a N 
o (CH2) (CR3R4), 

wherein: 
R and Ra, which may be identical or different, are 

chosen from: 
a hydrogen atom; 
a (C-C)alkyl group; 
a –C(O)OM", wherein M is an alkali metal, or M" 

and An are absent; 
carboxyl: 
R. R. and R, which may be identical or different, are 

chosen from a hydrogen atom, a halogen atom, a 
(di)(C-C)(alkyl)amino, a hydroxyl, an acylamino, a 
(C-C)alkoxy group, a (C-C)alkylcarbonylamino 
group, and a (C-C)alkyl radical; 

two groups R, and R', and/or R, and R together form a 
saturated heterocycle or a heteroaryl, optionally Sub 
stituted with at least one (C-C)alkyl group; 

RandR which may be identical or different, are cho 
Sen from a hydrogen atom, an optionally Substituted 
(C-C)alkyl group, and an aryl(C-C)alkyl; 
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Ri 

An- / \ / fly- N 
Ta / 'S R. Rd (CRR, "NCH, N \jR's 

(IIa) 

SY 

or the two radicals R and R, together with the nitrogen 
atoms to which they are attached, form a heterocyclic 
or heteroaryl group; 

T is chosen from a O covalent bond and a group chosen 
from: —N(R)— —C(O)—N(R)—, and N(R)—C 
(O)—: 

m and n, which may be identical or different, are chosen 
from an integer ranging from 1 to 6, wherein the Sum 
m+n is an integer ranging from 2 to 6: 

An is an anionic counterion; and 
Y is as defined in claim 1: 

wherein, when the compounds of formula (Ia) or (IIa) 
comprise other cationic parts, they are associated with at 
least one anionic counterion allowing formula (Ia) or 
(IIa) to achieve electroneutrality. 

8. The fluorescent dye according to claim 1, chosen from 
one of the following formulae: 

\ / 
N \ N 

/ ( ) . S- 2 \ . . /* s K ) \ 
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O 25 

- I v. HO N S N -O-( ) / - 
26 27 

pH 
(CH2)4 

Y S-SO 
N \ \ \ / (CÉ. \ / Y. 

An OH o N 
o H 

O 

28 
O 

N s-( 
HO \ / \ /-/ Me 

–/) i? . 
O 

29 30 
HO HO 

N \ / \- /" N V / \ Nt Nt An S -/X- S –/\-s 
HO O HO O X- Y. 

31 32 

HO " " V N S N / \/ N Nt NH2 
S \ M \, 2 An HO F 2 An 

o S Me 

HO 

Me1 2 

wherein An, which may be identical or different, is chosen 
from an anionic counterion. 

9. A dye composition, comprising, in a cosmetically 
acceptable medium, at least one fluorescent dye of formula (I) 
or (II) according to claim 1. 

10. A process for dyeing keratin materials, comprising 
applying to the keratin materials a dye composition compris 
ing at least one fluorescent dye of formula (I) or (II) according 
to claim 1, optionally in the presence of a reducing agent. 

11. The process for dyeing keratin materials according to 
claim 10, wherein said keratin materials are dark human 
keratin fibers. 

12. The process for dyeing keratin materials according to 
claim 10, wherein the keratin materials are dark keratin fibers 
comprising a tone height of less than or equal to 6. 

13. The process for dyeing keratin materials according to 
claim 12, wherein said dark human keratin fibers comprise a 
tone height of less than 6. 

14. The process for dyeing keratin materials according to 
claim 10, wherein said dark human keratin fibers are light 
ened. 

15. The process for dyeing keratin materials according to 
claim 10, further comprising applying an oxidizing agent to 
the keratin fibers. 

16. A multicompartment device comprising a first com 
partment and a second compartment, wherein the first com 
partment comprises a dye composition comprising at least 
one fluorescent dye of formula (I) or (II) according to claim 1, 
and the second compartment comprises a reducing agent. 

17. The multicompartment device according to claim 16, 
further comprising a third compartment comprising an oxi 
dizing agent. 


